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PREFACE. 


Tursk Outlines of Human Osteology are 
submitted, with deference, to the Medical Pro- 
fession, as the result, partly of researches in the 
museum and dissecting room, prosecuted at 
intervals during the last five years; partly of a 
careful perusal and comparison of the best 
English and Foreign works on the subject. 

In order to escape as far as possible the influ- 
ence of authority (by which we are unconsciously 
biassed even in matters of mere observation), 
and at the same time to take full advantage 
of the labours of previous writers, I adopted 
in the composition of this treatise the following 
plan. A minute description of the human skele- 
ton was first written, without reference to any 
other authority than that of nature. This de- 
scription was subsequently enlarged and improved 
by comparison with the works of Cloquet, Cru- 
veilhier, Bourgery, and other standard authors, 
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Whatever contradictory statements came under 
my notice in the course of this comparison, were 
noted down, and made the subject of careful 
research in several extensive anatomical collec- 
tions; particularly in that of M. Alexandre, 
which afforded me the opportunity of comparing 
nearly two hundred specimens of each bone*, 
The results thus obtained were embodied in 
the work ; and the whole was finally submitted 
to a close and scrupulous revision. 

With regard to style and language, my prin- 
cipal aim in this work has been brevity. But 
holding that true brevity consists, not in express- 
ing ideas ina small space, but in conveying 
them in a short time, I have not thought it 
inconsistent with this design to dilate freely 
upon some obscure and difficult points, which 
have been passed over in a few lines by previous 
wiiters. 


* T take this opportunity of thanking M. Alexandre, 
not only for giving me free access, during several 
months, to his collection ; but also for his civility in 
causing such bones as I wished to examine at each 
visit, to be arranged conveniently for reference’ 
in a separate apartment. 
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The arrangement of the treatise is such that 
the descriptive and relative anatomy of the 
bones can be studied either separately, or in 
connexion with each other. The names of mus- 
cles, nerves, arteries, &c., are unintelligible and 
perplexing to the beginner, who has never dis- 
sected nor seen these parts, and who finds the 
description of the bones themselves sufficiently 
complex and difficult to require his undivided 
attention. The advanced student, on the con- 
trary, who refers to an osteological treatise 
merely to refresh his memory, and to associate 
his earlier with his more recent acquisitions, 
finds it useful to be reminded of the names of 
those organs which, either by direct attachment, 
or by proximity, are related to the bones. To 
adapt the work to the necessities of these two 
classes of students, all names and details belonging 
to relative osteology have been carefully sifted 
out of the text, and thrown into notes at the foot 
of each page ;—where they are as much out of 
the way of the beginner as if they were entirely 
removed from the work, and at the same time 
as accessible to the advanced student as if they 
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were allowed to retain their usual position ini 
the text. The success of Professor Partridge’s: 
Osteological Lectures, in which a similar plan 
is pursued, leads me to anticipate that this me-. 
thod of arrangement will be attended by a con-» 
siderable saving of time and labour to the stu-: 
dents who use this book. 

Tt only remains for me to offer my public’ 
acknowledgments to Professors Partridge, Todd, 
and Rymer Jones, for affording me frequent | 
access to their private libraries and preparations 5. 
to Mr. Stanley for procuring me permission to 
examine the valuable collection of foreign skulls 
in the museum of St. Bartholomew’s Hospital; 
and to the curators of several other public 
museums for favours of a similar kind. 


ERRATA. 


_ 


Page 24, line 2, for “ eight” read “ six.” 
Page 34, line 8, after “ plate ’’ insert sometimes.” 
Page 50, line 1,7, and 19, for “‘ Glasserian”’ read 
* Glaserian.”” 
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1. Tur human skeleton consists of a central column, 
of three great cavities, and of four extremities or 
limbs. The cavities are connected, one with each 
end of the column, and the third with its centre ; 
and the four extremities are attached in pairs, two to 
the middle, and two to the lowest cavity. The 
column is called the spine; the upper cavity the 
skull; the middle the thorax ; the lowest the pelvis ; 
the upper extremities the arms; the lower the legs. a 


a Philosophically considered, the cranium above, 
and the sacrum and coccyx below, are prolongations 
of thespinalcolumn. The bones of which they con- 
sist are vertebre ; modified indeed for special func- 
tions, changed more or less in their proportions and 
mode of connexion, but stillretaining certain gene- 
ral. analogies to the pieces of the spinal column, 
which render it impossible to doubt that they are all 
moulded inonecommontype. These, however, are 
views belonging to Transcendental] Anatomy ; inte- 


resting as speculations, but not of practical impor- 


tance; and therefore inconsistent with the design 

and limits of an elementary work. Some writers, 

indeed, have made a sort of compromise between 

philosophical accuracy and practical convenience, by 
B 
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2. The adult skeleton contains 206 separate 
pieces; of which twenty-four belong to the spine, 
twenty-one to the skull, twenty-six to the chest, four 
to the pelvis, sixty-four to the two upper, and sixty 
to the two lower extremities. In this enumeration, 
the sesamoid, Wormian, and other irregular bones, are 
excluded; as also are thezeeth, which are organs 
sut generis, differing from bones in structure, orga- 
nization, and mode of growth. The lenticular hone 
is regarded as an appendage of the zzcus, and the 
sphenoidal turbinated of the sphenoid; the coccyx, 
hyoides, spheno-occipital, and other bones originally 
formed in several pieces, which subsequently unite, 
are counted as single bones. 

The spheno-occipital is divided for convenience 
into two parts, which are usually counted as separate 
bones. If this artificial subdivision is admitted, 
there are twenty-two bones in the skull, and 207 in 
the skeleton. 

3. The forms of the bones, varying with their pur- 
poses, afford a natural classification into long, short, 
jiat, and mixed bones. The long bones form the 
strong levers of the extremities: the short or cuboid 
bones are employed where many joints are required, 
as in the spine; or where force is to be distributed 
over oblique surfaces, as in the carpus and tarsus: 
the jlat bones generally form the walls of cavities, 
and are exemplified in the cranium and _ pelvis. 
The shapes of these three classes of bones are suf- 
ficiently indicated by their names ; the mzxed are so 


connecting the sacrwm and coccy# with the spine, 
while they describe the craniwm as an independent 
cavity. Ihave retained the old division on account 
of its simplicity and clearness. 
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called because they partake of the characters of the 
long and of the flat bones, being extended in two of 
their dimensions considerably more than in the third. 
Such are the sfernum and ribs in the chest, and the 
lower jaw in the skull. 

4. Chemical analysis resolves the bones into an 
animal matter, chiefly gelatin ; and an earthy matter, 
principally phosphate and carbonate of lime. They 
owe their elasticity and toughness to the former; and 
a certain degree of hardness and rigidity which they 
possess, to the latter. Anatomical analysis shows 
two kinds of tissue in bone, of which the one is cel- 
lular, and the other compact. The relative quanti- 
ties and the disposition of these tissues vary in dif- 
ferent bones, and in different parts of the same bone, 
as lightness or strength is the principal requisite. 
Thus the shafts of the long bones are hollow cylinders, 
formed of compact tissue; the short bones, and the 
expanded extremities of the long bones, are formed 
of cellular tissue, covered by a thin coat of compact: 
while the fiat and mixed bones consist of two tables 
of compact tissue, with a Jayer of spongy or cellular 
structure, called diploé, interposed. 

5. The bones are enveloped externally by a dense 
fibrous tissue, called the external periosteum; a more 
delicate and vascular membrane, called the internal 
periosteum, lines them within. The canals of the 
long bones, the cells of the short bones, the diploé of 
the flat and mixed bones, and the fine pores of even 
the compact tissue itself, are filled with an oily sub- 
stance, called marrow or medulla; this is secreted by 
the lining membrane ; it remains fluid during life, but 
becomes solid after death. Bloodvessels are seen 
ramifying in the substance of the bones, nerves have 

B2 
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been traced into them, and analogy renders it proba- 
ble that they are also supplied with absorbent ves- 
sels. They are developed from a transparent ho- 
mogeneous cartilage, which ossifies by the following 
process. It becomes opaque, and is perforated by 
canals, which are lined with a vascular membrane 
and filled with fluid; these canals become red, and 
a small bony point, the punctum ossificationis, ap- 
pears in the substance of the cartilage; this slowly 
extends; ossific fibres radiate from its circumfe- 
rence; the temporary cartilage gradually disappears 3 
and its place is supplied by a spongy vascular bone. 
This bone insensibly diminishes in vascularity, and 
at last acquires its natural density. Such are the 
successive stages by which bone is developed from 
cartilage. The cartilage is formed from a soft gelly; ; 
and this gelly itself is orginally a fluid. 65 

6. The terms used in osteology have reference to 
. the size, shape, and situation, of the object under 
description. Many of them are used in the com- 
mon sense; some are technical, and require ex- 
planation. An articular cavity that is hemi- 
spherical is called cotylotd; one that is broad and 
shallow is called glenoid ; if grooved like the wheel 
of a puiley, it is said to be ¢rechlear; if nearly flat, 
it is called a facet; if deep and conical, itis called 
a socket or alveolus. Of processes, some are serra- 
‘ted, like the teeth of a saw ; others mastoid, or nipple- 
like ; odontoid, or tooth-like ; s‘ylotd, pointed like an 
ancient pen; coracoid, curved like a crdw’s beak. 


6 For a more detailed account of the structure 
and development of bone, the student is referred to 
Beclard’s “Anatomie Générale” (an English transla- 
ion of which has recently appeared). 
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There are beside these, prominences, tuberosities, tu 
bercles, trochanters, and condyles; with lines, ridges, 
crests §c.; all of which have received accurate 
definitions, with which however we shall not trouble 
the student, as they are not very rigidly adhered to 
in practice. Again, we have notches, holes, cunals, 
clefts, and grooves, which require no explanation; 
with sizuses, which are chambers, whose entrances 
are narower than their cavities ; and fosse, in which, 
on the contrary, the aperture is wider than the in- 
terior. c 

7. The skeleton is placed for description in the erect 
posture; the toes are turned forward, and the arms 
hang by the sides with the palms of the hands direct- 
ed forward, and the thumbs turned outward. Terms 
expressive of situation, as infernal, external, and 
the like; and of direction, as inward, outward, &c. ; 
are used with reference to an imaginary line, called 
the median line, which is supposed to pass vertically 
through the head, down the centre of the trunk, to 
terminate between the feet. I have found it con- 
venient, in describing the flat bones of the skull, 
chest, and pelvis, to use the terms interior and ex- 
terior, to intimate the position of their surfaces with 
reference to the centre of the cavity which they con- 
tribute to form; reserving the terms internal and ex- 
ternal to express, aS usual, their relation to the me- 
dian line. The direction of a process is indicated by 


ec Many of these terms are used indiscriminately. 
Thus the sphenoidal fisswre is also called the anterior 
lacerated foramen ; the internal erbitar, the round, 
and the condyloid holes, are in fact canals ; and the 
nasal foss@, according to the definition, should be 
called sinuses. 
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a line, connecting the centre of its base with its sum- 
mit; the direction of a surface, whether plane or 
curved, is indicated by aline drawn perpendicular to 
its centre ; the zzclination of a surface is indicated by 
a line drawn parallel to it. Great confusion has 
been introduced into anatomical descriptions, other- 
wise accurate and perspicuous (those for instance 
of Cruveilhier and Cloquet), by using the term direc- 
tion, sometimes in its proper sense, and sometimes 
to signify the slope or inclination of a surface. 
There is another source of ambiguity against which 
the student must guard. In describing the bones 
of the extremities, one is apt to use the terms in- 
ternal and external with reference to the median 
line of the particular limb under examination; to 
consider a subcutaneous surface external, and one. 
that is buried under muscles in the centre of the 
limb, internal. This meaning is never admitted ; 
the subcutaneous surface is internal, if (asin the 
tibia) it is nearest the median line of the body ; 
and the deep surface is external, if most remote from 
that line. 

8. The surfaces by which bones unite, are called 
articular ; and the place of junction, or joint, be- 
tween any two bones, with itsaccompanying apparatus 
of ligament, cartilages, synovial membrane, &c., is 
ealled au articulation. The knowledge of tke arti- 
culations involves that of the ligaments; which again 
requires dissection. For this reason the study of the 
joints has been separated from osteology, and made 
a distinct branch of the science. As, however, we 
shall occasionally have to allude to their mecha-~ 
nism, a list of the classes into which they are divided, 
with their names and distinctive characters, is sub- 
joined in a tabular form. 
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OF THE SPINE. 9 


9. Having despatched as briefly as possible these 
_ necessary preliminaries, we proceed to the demon- 
stration of the individual bones, which will be de- 
scribed in tbe following order: first, those of the 
spine, or central column of the body; next, those of 
the three great cavities, skull, thorax, and pelvis, in 
succession ; and finally, those of the extremities, su- 
perior and inferior. 


CHAPTER I. 


OF THE SPINE. 


10. THE spine is a flexuous column, consisting of 
twenty-four segments, called vertebre, whose slight 
motions on each other give it considerable pliancy. 
It consists of two parts, which differ in form and 
function ; an anterior, solid, for support ; a posterior, 
hollow, for reception. The anterior solid part, or 
pillar, rests on the pelvis below, sustaining the chest 
in the middle, and the head above. The posterior 
cavity, or canal, lies parallel to the pillar, lodging a 
nervous chord, d@ which extends from the head to 
the loins. Each vertebra, therefore, presents a seg- 
ment of a pillar in front, a segment of a hollow cylin- 
der behind. The former is called the body, and the 
latter the arch. The arch is formed by two pedicles 
and two lamine ; itsupports seven processes, presents 
four notches, and, by uniting with the body, forms 
the vertebral hole. These several parts present, in 


d The spinal chord. 
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every vertebra (with certain exceptions, which will 
afterwards be given), the following characters. 


COMMON CHARACTERS OF THE VEKTEBRE. 


11. Bopy. Convex from side to side, and coneave 
from above downward, in front; flat from above 
downward, and slightly concave from side to side-be- 
hind, where it contributes to form the vertebral fora- 
men; above and below, slightly concave, bordered 
with a kind of rim, and marked with the rough im- 
pressions of the intervertebral fibro-cartilages (12). 
The body presents several large vascular apertures 
behind, and a few smaller in front. As the spine 
tapers from below upward, the upper surface of each 
body is smaller than the lower. Pepictes. Project 
backward from the body, one on each side, at the 
upper part of the line of junction between the pos- 
terior and lateral surfaces. They form part of 
the arch, support the processes, and connect them 
with the body. Norcues. Four in all. Two scooped 
out of each pedicle; one above, the other below. 
The lower are always the deeper. The notches, by 
their union, form the intervertebral foramina (25). 
Processes. Four articular, three non-articular. 

Articular. 

Two superior, having an articular surface al- 
ways directed more or less backward. 

Two inferior, also a little posterior to the for- 
mer, having an articular surface always directed 
more or less forward. 

Non.-articular. 

Two transverse, passing outward one on each 
side, from the point where the articular processes 
join the pedicle. 
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One spinous, projecting backward from the 
centre of the arch. Lamina. The two plates of 
bone which connect the spinous process with the 
pedicles. They complete the arch posteriorly, and 
may be regarded as the bifurcated root of the spi- 
nous process. Hore. Bounded in front by the 
body, behind by the arch, i. e. by the pedicles 
and lamine. 

12, SrructTurRE. Body cellular, processes compact. 
DEVELOPMENT. By three points: one for the body, 
two for the arch. The tips of the processes are at 
first cartilaginous, then ossify and form separate epi- 
physes, e and subsequently form an intimate union 
with the rest of the bone. ARTICULATIONS. Each 
vertebra articulates, by its body and articular pro- 
cesses, with the vertebre adjacent. A substance, 
called the intervertebral fibro-cartilage, which is elas- 
tic, like a cushion, in the middle, tough and fibrous at 
the circumference, is interposed between the bodies, 
binding them together, and allowing them some play 
both in the lateral_and longitudinal directions, while 
the articular processes glide on each other by their 


e An epiphysis is a process developed as a distinct 
piece, and remaining forsome time movable on the 
body of the bone, by the intervention of cartilage ; an 
apophysis is a process that has never been separate 
from, or movable upon, the bone to which it belongs. 
The first term is derived from evs@uoug, an ac-cre- 
tion, something that grows fo another; the second 
from agouci¢, an ex-crescence, something that grows 
from another, 
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cartilaginous surfaces. The body, lamine, and pro- 
cesses, are bound together by ligaments. 

13. Of the twenty-four vertebrae, twelve are con- 
nected with the ribs, and contribute to form the tho- 
rax. These are called dorsal. Above the dorsal 
are seven smaller, belonging to the neck, and called 
cervical ; below the dorsal, five larger, belonging to 
the loins, and called lwmbar. The vertebree of each 
region are distinguished by peculiar characters. But 
as every vertebra bears a pretty close resemblance to 
the vertebre immediately above and below it, the 
several regions merge, by an insensible transition, 
into each other ; the seventh cervical assuming many 
of the characters of a dorsal; the twelfth dorsal, of 
a lumbar. 


COMMON CHARACTERS OF THE VERTEBRZE IN 
EACH REGION. 


14. Lumpar. The largest of the vertebree. Bony. 
Greatest dimension the transverse; flat above and 
, below; thicker before than behind. Perpicies. 
> Strong, and directed straight backward. NoTcHEs. 
Deep and large, especially the lower, PROCESSES. 
Articular. 
The two swperior are concave, look inward as 
well as backward, and are further apart than the 
Two inferior, which are convex, and directed 
outward as well as forward. f 
Non-articular. 


f It is a general rule, that the upper and lower 
articalar processes of any vertebra, look in opposite 
directions, v 
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Transverse. Thin, long, directed a little back- 
ward ; sometimes terminated by an epiphysis, like 
a small rib. 

Spinous. Broad, square, horizontal; thicker 
below than above. Lamina. Broad and strong, but 
short. Hoe. Triangular; wider than in the dorsal, 
smaller than in the cervical region. 

15. DorsaL. Next in size to the lumbar. Bopy. 
Somewhat triangular in form ; most extended in_the 
antero-posterior dimension, and thicker behind than 
before. Its posterior surface is concave transversely ; 
on each /ateral surface, near the root of the pedicle, 
are two demifacets—one above, the other below— 
which, in the recent state, are covered with cartilage. 
When two dorsal yertebre are applied, the upper facet 
of one and the lower of the other join to form a single 
cavity, which receives the head of arib. NoTcnes. 
Smaller than in the lumbar, larger than in thecervical. 
PROCESSES. 

Articular- 

Flat ; the two superior are directed upward and 
outward, as well as backward, and are very little in 


advance of the inferior, which have the opposite 
direction. 


Non-articular. 

Transverse. Wong, thick, directed backward 
and a little upward, as well as outward, with a 
clubbed extremity, bearing a concave cartilaginous 
facet, which is directed forward, outward, and up- 
ward, to articulate with the tuberosity of a rib. 
~ -- Spinous. Long, inclined downward, prismatic, 
tubercular attheend. Lamina. Broader and thick- 
er than in the cervical. Foramen. Round, or slightly 
oval, and smaller than in the cervical and lumbar, 
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16. CrervicaAL. The smallest of the vertebre. 
Bopy. Greatest dimension transverse, thicker before 
than behind, and on the sides than in the middle. 
Its posterior surface is flat ; its wpper surface is very 
concave transversely, slightly convex from back to 
front, with a little lip projecting upward on each side 3; 
its lower surface presents opposite characters, being 
convex transversely, concave from before backward, 
and furnished on each side with a shallow depres- 
sion, to receive the corresponding lip of the adjacent 
vertebra. The lower surface of each cervical ver- 
tebra is smaller than the upper surface of the verte- 
bra below, being embraced, when 77 situ, by the lips 
of the latter. The body is here also on a lower level, 
with regard to the processes, than in the dorsal and 
lumbar regions. PrpicLtEs. Directed very much 
outward, so as to give the arch a wide sweep. 
Norcues. More equal in depth above and below 
than in the dorsal and lumbarregions. The upper is 
continuous with a groove in the transverse process. 
PROCESSEs. Articular. Upper. Flat, oval,. di- 
rected upward and backward. Lower. Same cha- 
racters, opposite direction. Nen-articular. Transverse. 
Short, directed forward and a little downward, as 
well as outward; bifid at the summit, marked above 
by a groove, which runs downward and outward from 
the upper notch, and lodges a nerve, g perforated at 
the base by a hole for the transmission of an artery. h 
It arises by two roots; a posterior, larger, attached to 
the pedicle ; an anterior, smaller, connected with the 
side of the body. It is between these that the arte- 
rial hole occurs. Spinouws. Short, slightly inclined 


g One of the spinal. A Vertebral. 
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downward, terminated by two branches, which are 
often unequal in size. LAMINA. Narrow, long, thin- 
ner above than below, and inclined so as to imbricate 
over those of the subjacent vertebra. VERTEBRAL 
HOLE. Very large, and of the formofa triangle, with 
its sides slightly curved, and its angles rounded. It 
is more extensive below than above, on aecount of 
the inclination of the lamine. 


DEVIATIONS FROM THE REGULAR FORM IN CERTAIN 
VERTEBRA OF EACH REGION. 7, 


17. Of the lumbar vertebre, the ji/th is peculiar in 
having a body which is much thicker in front than 
behind, on account of being bevilled off, so as to 
form with the sacrum the sacro-vertebral angle. 
The fourth is also a little thicker before than- 
behind. The transverse processes of this region 
vary in length. In the following enumeration the 
lumbar vertebre are arranged according to the length 
of their transverse processes, proceeding from long- 
est to shortest;—third, fourth, second, first, Sifth. 
Hence it appears, that the longest transverse pro- 
cesses are in the middle of the region, the shortest 
at its two extremes. Those of the fifth lumbar ver- 
tebra are of a conical form, and, though the shortest, 
very strong for the attachment of powerful liga- 
ments. k 

18. Of the dorsal vertebra, the first, ninth, tenth, 
eleventh, and twelfth, are distinguished. First DorsaL. 
Booy. Largest transversely, upper surface concave 


2 ee Oe See igs ot ee 
t The peculiar or distinctive points only are 


noticed in this section. 
k Sacro-lumbar and ilio-lumbar. 
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and lipped like a cervical. (16.) Instead of a demi- 
facet above, it has an entire articulating surface, be- 
sides which it has the usual half-facet below. Spi- 
NOUS PROCESS. Thick, long, horizontal. NinTH Dor- 
sau. Bopy. No demi-facet below. TentH Dorsal. 
Bopy. An entire articular facet above ; no demi-facet 
below. ELrEventH Dorsat. Bovy. Large, like a 
lumbar, with a single entire articular surface on each 
side, instead of the two demi-facets. PROCESSES. 
Transverse. Very short, no articular surface at the 
extremity. TweLtrrH Dorsat. Same characters 
as eleventh; still more like a lumbar, ‘transverse 
processes shorter, lower articular processes convex, 
and turned outward like those of the Jumbar. 

The fourth is the smallest dorsal vertebra. They 
increase in size from the fourth downward to the 
twelfth; and from the fourth upward to the first. 
Their spinous processes become shorter and more 
horizontal from the eighth downward. 

19. Of the cervical yertebre the first, second, and 
seventh, are peculiar. 

20. First Cervicat or ATLAS. Has no body, spi» 
nous process, nor pedicles. It consists of two lateral 
masses, connected by a small arch in front, anda 
larger behind. The ring thus formed may be divided 
into fifths, of which each lateral mass occupies one, 
the anterior arch one, and the posterior arch the re- 
maining two. ANTERIOR or Less—ER ArcH. May be 
regarded as the front of a body, all the hinder parts 
of which have been removed to make room for the 
odontoid process of the second vertebra (21). An- 
teriorly the lesser arch is convex and tubercular ; 
posteriorly it is concave, and marked in the middle 
with an oval smooth surface, which articulates with 
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a similar one on the odontoid process. It has a thin 
border above andbelow. Posrrrior or GREATER ARCH. 
Terminates behindina tubercle, which represents the 
spinous process, and gives origin to a muscle. J 
Above, it presents, posteriorly a rounded edge ; an- 
tertorly, two grooves, one behind each lateral mass. 
These are sometimes converted into perfect holes by 
a little process of bone. Each transmits an artery, 7 
which comes up through the hole in the transverse 
process, and curls round backward and inward behind 
the lateral mass. It also transmits anerve.n The 
posterior arch presents, below, two other grooves just 
opposite to the last mentioned, and like them behind 
the lateral masses. These grooves represent the 
notches of the atlas, and they are peculiar in lying 
behind the articular processes. LATERAL MASSES. 
Present above, the superior, and below, the inferior 
articular processes ; internally, two tubercles (one on 
each), for the attachment of a ligament, 0 which, 
stretching across, divides the ring into two parts ; 
and externally, the transverse processes,p long, 
Strong, not bifurcated, but clubbed at the summit, 
inclined downward, and perforated at the base bya 
canal directed from below upward, backward, and out- 
ward. ARTICULAR PROCESSES. Superior. Large, con- 
cave, oval, longest diameter from before backward, 
nearer together in front than behind by nearly aquarter 
of an inch, directed upward, inward, and alittle back- 
ward, and articulated with the condyles of the occiput, 
se ck RS on ce 

! Rectus capitis posticus minor. 

m Vertebral. m Sub-occipital. o Transverse. 

p These processes give attachment to the supe- 
rior and inferior ublique muscles. 

Cc 


¥ 
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Inferior. Circular, slightly concave, directed down- 
ward, inward, and a little backward, and articulated 
with the axis, on which the atlas rotates. DEvE- 
LOPMENT. By three points, one for the anterior 
arch, and one for each lateral mass. Sometimes there 
are two more for the posterior arch; making five 
points of ossification in all. 
21. SECOND CERVICAL, or Axis. A strong tri- 
angular vertebra, with a body whose anterior surface 
is deeper than the posterior, and marked with a ridge 
in the middle, separating two lateral depressions, for 
the insertion of muscles ;q while itsupper surface pre- 
sents in the middle astrong, vertical, bluntly-pointed, 
tooth-like eminence, called the odontoid process, which 
passes up into the anterior division of the ring of the 
_atlas between the lateral masses. This process has 
a smooth oval surface in front to articulate with 
the atlas, another behind to play on the transverse 
ligament, and is rough above for the attach- 
ment of ligaments.* On each side of this process 
the upper surface of the body presents a round, 
slightly convex, articular surface, directed upward 
and outward, and supporting the atlas. These, the 
superior articular processes, are anterior and internal 
to the lower ones. They are remarkable in being 
supported partly by the body, partly by the pedicles, 
and partly by the transverse processes. SUPERIOR 
NotcuHes. Superficial, and placed dchind the cor- 
responding articular processes. TRANSVERSE PRo- 
cesses. Very small, not bifurcated, nor grooved; 
the arterial hole runs very obliquely, upward, 
outward, and backward. Laminm. Thick and 


q Longi colli. — + Odontoid. 
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_ prismatic. Sprnous Procgss. Large and strong, 
deeply channelled underneath, and tubercular at 
the extremity for the insertion of muscles.s VertTE- 
BRAL FORAMEN. Kidney-shaped. - DeveLopMeENT. 
The axis has an extra point of ossification for the 
odontoid process. 

22. It is to the two first vertebre of the neck 
that the head owes its extensive mobility. Nuta- 
tion and extension of the head are performed solely 
by the motion of the occipital condyles upon the 
cup-like articular surfaces of the atlas. In rota- 

_ tion of the head from side to side (as in looking back 
over the shoulder), the atlas turns round upon the 
pivot of the axis, carrying the head along with it. 
The first isa hinge joint; the second resembles a 
mortice and tenon. Their motions may be performed 
Separately or simultaneously; being independent 
both of each other and of the slight movements which 
take place between the remaining vertebre of the 
neck. It is from the combined or successive actions 
of these several joints that the diversified motions 
and postures of the head result. 

23. SEVENTH CERVICAL VERTEBRA. Large; spin- 
ous process long, thick, and not bifurcated ; holes 
in the transverse processes small, irregular, and 
often wanting. This vertebra has sometimes 
two little epiphyses, in form and situation resem- 
bling rudimentary ribs, and remaining separate to 
the age of five or six years. These sometimes ex- 
tend outward an inch or more on each side, becoming 
analogous to the cervical ribs of certain animals. 
epmrenieseee nie ere a 0 a BS 
_ sRecti capitis postici majores, ‘and ‘obliqui infe- 

_riores, 

Cc 2 
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OF THE SPINE IN GENERAL. 


24. Sizz and Direction. To the length of the ver- 
tebral column, which is a third of the entire height 
of the body, the lumbar region contributes seven 
parts, the dorsal eleven, the cervical five. The lum- 
bar, and the nine lower dorsal vertebre, form a pyra- 
mid whose base rests on the sacrum. The six lower 
cervical form another pyramid, whose base rests on 
the first dorsal, and whose apex is surmounted by the 
atlas, on which again is balanced the globe of the 
cranium. Between these two pyramids, and ex- 
tending from the base of the upper to the apex of 
the lower, intervene the four superior dorsal verte- 
bre, which’ constitute a third, but inverted pyramid. 
Thus though the whole column presents a cone 
whose base is somewhat more than double the dia- 
meter of the apex, yet this general pyramid is com. 
posed of three subordinate pyramids. The spinal 
column is concave anteriorly in the dorsal region, 
where it contributes to form the chest, convex ante- 
riorly in the neck and loins. It has also a slight 
lateral curvature, the convexity of which is generally 
directed towards the right side. It presents for exa- 
mination four suzfaces, a base, a summit, and a ver~ 
éebral cunal. 

25. SurFaces. Antertor.¢ Presents the anterior 


# This surface of the spine is covered by the 
anterior common ligament; it corresponds in the 
cervical region to the recti capitis antici majores, and 
longi colli; in the dorsal region to the vena azygos on 
the right side and the aorta on the left; and in the 
lumbar region tothe crura of the diaphragm, the vena 
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surfaces of the bodies of the vertebrex, narrow in the 
dorsal region, wider in the cervical, widest in the lum- 
bar ; convex from above downward, above and below; 
coneave from above downward, in the middle; every 
where convex transversely. Posterior. Presents in 
the median line the spinous processes, horizontal 
above and below, inclined and imbricated in the 
middle, separated by large intervals in the loins, 
by smaller in the neck, by smallest of all in the back. 
These intervals are closed in the recent subject by 
ligaments.«w Immediately external to the row of 
spines, is seen on each side the vertebral groove, 
formed by the laminz only, in the neck and loins, 
where it is shallow; by the lamine and transverse 
processes in the back, where it is deep. It gradually 
contracts in width from above downward, and in the 
recent state is filled by muscles.v External to the 
vertebral grooves are seen the articular processes, 
and external to these the ¢ransverse processes, which 
in the dorsal region indicate the line of junction 
between the posterior and lateral surfaces. The 
dorsal transverse processes stand back on a plane 
posterior to that which is occupied by the transverse 
processes of the cervical and lumbar vertebre; which 
latter evidently belong to the lateral regions of the 
spine, though not usually referred to them by anato- 
mists. Lateral. Divided from the posterior surface, 
in the neck and loins, by the line of articulay pro- 


cava, the abdominal aorta, and the lumbar ganglia 
of the sympathetic. 

u Ligamenta subflava. 

» Longissimus dorsi, sacro lumbalis, semispinalis 
dorsi, multifidi spine. 
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cesses; inthe back, by the line of transverse processes. 
Present, in front, the bodies of the vertebre, mark- 
ed in the dorsal region with the articular cavi- 
ties which receive the heads of the ribs. Behind 
the bodies appear the intervertebral foramina, 
formed by the apposition of the nofches, oval in 
shape, considerably larger in the lumbar than in the 
cervical region, and a little larger in the cervical than 
in the dorsal. They are situated between the trans- 
verse processes in the neck, anterior to them in the 
back and loins. With the exception of the first pair 
(between the atlas and axis), they are anterior to the 
articular processes. They transmit nerves.w In 
the cervical region the ¢ransverse processes project 
between the intervertebral foramina, and present a 
series of holes, which form a canal for the reception 
of an artery.z In the lumbar region they stand 
on a plane posterior to the intervertebral holes, 
but anterior to the articular processes. (In the dorsal 
region they are posterior both to the intervertebral 
holes, and to the articular processes. It is only in 
the two former regions that they belong to the lateral 
surface of the spine.) Base. Presents the lower — 
surface of the fifth lumbar vertebra, which has been 
already described. (17.) Summit. Presents the 
upper aspect of the atlas, already described (20). 
At each extremity appears the orifice of the VERTE- 
BRAL CANAL. This canal, following the flexuosities 
of the spine, opens into the cranium above; into the. 
sacral canal below. Wide and triangular in the neck 
and loins, it is narrow and rounded in the back. y 


w The spinal. a The vertebral. 
y It contains the spinal chord and its appendages. 
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26. Uses. The vertebral coluinn is a remarkable 
piece of mechanism. Strong enough to support 
several hundred weight, yet pliant and elastic; fur- 
nished with levers and muscles, by which it is bent 
in every direction, yet lodging an organ susceptible 
of injury from the slightest pressure; formed, for 
lightness, of a loose and reticular tissue, yet capable 
of sustaining without fracture, shocks, strains, and 
contortions, of considerable violence: this column 
certainly combines the most opposite qualities, and 
performs functions apparently incompatible. 

It transmits the weight of the head and trunk 
to the pelvis and lower extremities ; is the seat of all 
the motions of the trunk ; gives passage to the spinal 
nerves ; and affords attachment to numerous muscles 
and ligaments. z 


CHAPTER II. 
OF THE SKULL. 


27. The skull, a strongly framed cabinet con- 
taining several organs whose security from concus- 
sion is essential to life, rests, poised as on springs 
and cushions, at the summit of the vertebral 
column. It is divided into two parts; the cranium 
above and behind, the face below and in front. 


z These are so numerous, and their attachments 
so complicated, that any thing short of a complete 
description would be of little service, even to the ad- 
vanced student ; whois therefore referred to treatises 
on myology. - 
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The former consists of eight, the latter of four- 
teen bones. Besides these, the head contains eight 
ossicula auditis, thirty-two teeth, and several irregu- 
lar pieces, 


OF THE CRANIAL BONES. 


28. Four are single and median, the oce7pital behind, 
the frontal before, the sphenoid and ethmoid inter- 
posed at the base ; four lateral and in pairs, the two 
parietal above, the two temporal below. 


OF THE OCCIPITAL BONE. 


29. This bone is situated at the posterior and in- 
ferior part of the cranium, and reeembles in shape a 
lozenge, curved upon itself. It has a posterior ver- 
tical, and an anterior horizontal portion; and pre- 
sents for examination two surfaces, four borders, and 
four angles. 

30. SurFaces. Exterior. Presents, beginning at 
the summit of the vertical portion, and passing round 
the bone downward and forward—first, a smooth 
surface, on which in the recent state a muscle a 
plays; secondly, the exterior occipital tuberosity, an 
eminence which is situated half way between the 
summit of the bone and the foramen magnum, and 
gives attachment to a ligament;} thirdly, the 
exterior occipital crest, a ridge passing from the tu- 
berosity to the foramen magnum ; fourthly; the two 
superior curved lines, rough semicircular ridges pass- 
ing outward, one on each side, from the occipital 


a Occipito-frontalis. b Ligamentum nache. 
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protuberance; fifthly, the two inferior curved lines, 
passing outward parallel to the former from the 
middle of the crest; (these ridges, with several 
rough depressions that lie between them, give attach- 
ment to muscles;c) sixthly, the foramen magnum, 
a large elliptical hole, with the longest diameter from 
behind forward, and with a rounded shelving mar- 
gin that renders it more extensive above than below ; 
(it transmits several important organs; d) seventhly, 
on each side of the foramen magnum, the occipital 
condyles, two oval convex articular surfaces, directed 
downward and outward, nearer together in front 
than behind, rough “within for the attachment of 
ligaments, e smooth and cartilaginous below for arti- 
culation with the atlas, and bounded, externally by a 
rough tubercular surface for the attachment of a 
muscle, f before and behind by the anterior and 
posterior condyloid fosse ; depressions perforated by 
holes, or rather canals, which are called after them 
the anterior and posterior condyloid foramina.— The 
anterior condyloid foramina are always present, they 


e The superior curved line gives attachment by 
its internal third to the trapezius, by its external two 
thirds to the occipito-frontalis and the sterno-mas- 
toideus. The depressions between the semicircular 
lines attach the complexus internally, the splenius 
capitis externally. The inferior curved or semi- 
circular line, and the depressions below it, give in- 
sertion internally to the recti capitis postici, majores 
and minores, externally to the obliqui superiores. 

d Thespival chord and its envelopes, the verte- 
bral arteries, and the spinal accessory nerves. 

e The odontoid. Ff Rectus capitis lateralis. 
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run from the bottom of the anterior condyloid fossz 
~ upward, inward, and backward, to terminate in the. 
interior of the cranium, at the margin of the foramen 
magnum : each transmits a nerve. g The poste- 
rior are less regular in size, and often wanting on 
one side or both; they run from below, upward, for- 
ward, anda little outward; and open above, near ‘the 
notch which contributes to form the foramem lacerum 
posterius: (67) each transmits a small artery and 
vein a elehinly, in front of the ropamaee magnum is 
than before, and Drcaume in the middie a longitu- 
dinal ridge called the pharygneal spine, h on each 
side depressions for the insertion of muscles. z 

Interiory or Cerebral. Concave and smooth ; pre- 
sents near the middle of the vertical portion the 
interior occipital tuberosity, exactly opposite to the 
exterior occipital tuberosity. This central eminence 
is the point where three well-marked venous chan- 
nels meet ; one vertical, called sulcus longitudinalis ; 
two transverse, called sulci transversales or laterales ; 
the former passing upward to the superior angle of 
the bone, the latter outward to its lateral angles. 
The longitudinal channel, which generally lies some- 
what on the right of the median line, lodges a large 
venous canal, * and its margins attach a fold of 
fibrous membrane. / 


g Ninth, or hypoglossal. 

A This attaches the tendinous raphe of the 
pharynx. 

zt Recti list antici, majores and minores, be- 
hind; superior constrictor of the pharynx in front. 

k Longitudinal sinus. J Falx major of dura mater. 
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The transverse channels likewise lodge large ve- 


‘nous canals, m and their margins attach another fold 


of fibrous membrane. 2 Where these three channels 


meet, which is usually a little to the right of the in-- 


terior occipital protuberance, there is a depression 
in the bone. o Passing downwards from the interior 
occipital tuberosity to the foramen magnum is the 
interior occipital crest, a sharp, smooth edge, bifur- 
cated below, corresponding in situation to the exte- 
rior crest, and giving attachment to a fold of fibrous 
membrane. p The channels, and the crest, just de- 
scribed, divide the interior surface of the vertical 
portion into four fosse; two superior, called cerebral 
fosse of the occiput; and two inferior, called cere- 
bellar fossee of the occiput. The cerebral fosse are 
separated from each other by the longitudinal sulcus, 
and bounded below by the transverse sulci; they are 
smaller than the cerebellar fossee, and marked with 
cerebral impressions.g The cerebellar fosse are 
separated from each other by the interior crest, and 
from the cerebral fossee by the transverse sulci: they 
are larger than the former, and perfectly smooth, r 
All these fossee present arterial impressions.. In front 
of the crest is the interior opening of the foramen 
magnum, more extensive than the exterior. On 
each side of the foramen magnum are seen the 
interior orifices of the condyloid foramina, those of the 
posterior external to those of the anterior, and sur- 


m The lateral sinuses. 2 Tentorium cerebelli. 

o For the reception of the torcular Herophili. 

p The falx minor of the dura mater, 

q They receive the posterior lobes of the cerebrum. 
y They lodge the hemispheres of the cerebellum. 
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mounted by alittle bony arch. From the posterior 
condyloid foramen on each side, a short but wide 
groove runs backward and outward; it lodges part 
of the same venous canal which is contained in the 
transverse groove, but its relations can only be un- 
derstood when the cranial bones are united. (71.) . 
In front of the foramen magnum is the basilar groove, 
a shallow longitudinal depression, which slopes 
from behind upward and forward, and lodges an 
important part of the nervous system. s The narrow, 
horizontal portion of the bone on which this depression 
occurs, is called the basilar process of the occipital. 
This process presents on its upper surface, besides 
the basilar groove, a narrow channel on each side, 
which unites with a corresponding channel on the 
petrous portion of the temporal bone to form the 
inferior petrosal groove ; which lodges a venous canal 
(of the same name). 

31. ANGLEs. The seéperior is acute; the inferior is 
truncated, being represented by the square anterior 
surface of the basilar process; this surface in the child 
is articulated with the sphenoid by cartilage, but 
forms a perfect osseous union with it in the adult. 
The lateral angles are very obtuse, and correspond in 
situation with the outer ends of the transverse grooves. 

32. Borpers. Superior. Extends from the 
lateral to the upper angle on each side, is deeply 
denticulated, and articulates with the parietal. Jn- 
Jertor. Extends from the lateral to the inferior angle 
on each side. It is divided into two parts by the 
jugular process, a short stout eminence which pro- 
jects outward on each side, and has a square carti- 


s Medulla oblongata. 
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laginous surface at its extremity, to articulate with 
a corresponding surface on the petrous portion of the 
temporal bone. (60) Between the jugular process and 
the lateral angie, the occipital articulates with the 
mastoid portion of the temporal. Between the jugular 
process and the inferior angle, the inferior margin pre- 
sents from behind forward, first, a notch, which with 
a similar one on the petrous portion of the temporal 
forms the foramen lacerum posferius ; this notch is 
often divided by a little bony process into two parts; 
secondly, the side of the basilar process, which is 
rough and broad, slopes from behind forward and 
inward, and articulates with the petrous portion of 
the temporal. These two inferior borders instead of 
meeting to form a true inferior angle are separated by 
a square surface, which has been already described. 

33. StTrRucTurE. Of a cellular tissue called the 
diploé, between two compact layers, called the ezx- 
terior and inierior tables. The interior, from its ex- 
treme hardness and density, has been called the 
vitreous table. The exterior is less dense, but 
tougher. ¢ 

The occipital is thick at the ridges, protube- 
rances, condyles, &c., but in the centre of the fosse it 
is so thin as tobe semitransparent; at these points itis 
destitute of diploé, and its two compact tables come 
into contact. DEVELOPMENT. The vertieal portion is 
developed by four centres of ossification, which unite, 
long before birth, at the protuberance. The hori- 
zontal portion is developed by three ossific points, one 
for each condyle and athird for the basilar process. 


t This description applies to the flat cranial 
bones in general. 


30. SPHENOID BONE. 


Besides these seven regular points, an additional one 
is observed occasionally, in the posterior part of the 
margin of the foramen magnum. ARTICULATIONS. 
With the parietal, temporal, sphenoid, and atlas, by 
the points a 


ga OF THE SPHENOID. 

34. The SpHENOID isa wedge-like bone, situated at 
the anterior part of the base of the cranium, and ar- 
ticulated with all the other cranial bones, which it 
binds together, so as to contribute materially to the 
strength of the cranium. It has been compared to a 
bat with the wings extended; and, for convenience 
of demonstration, may be divided into body, or cen- 
tral part ; greater wings, and lesser wings, extending 
outwards on each side; and pterygoid processes pro- 
jecting below. 

. 35. Bovy. Is in the adult continuous behind, with 
the basilar process of the occipital (for which reason 
Soemmering and Meckel have described the spheno- 
occipital as a single bone), and presents for examina- 
tion six surfaces. SURFACES. Superior or cerebral. 
Presents from behind forward—first, a square lamina, 
inclined forward; whose posterior aspect presents a 
shallow depression, continuous with thebasilar groove 
of the occipital ; whoselateral borders are notched for 
the passage of a nerve ; « and whose two upper angles 
_ terminate in two eminences, which vary in size, shape, 
and direction, and are called the posterior clinoid pro- 
cesses :v—secondly, a deep depression called the 


w External oculo-muscular. 
v They attach the tentorium cerebelli. 
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pituitary fossa, or sella turcica, which is bounded be- 
hind by the lamina that has just been described, per- 
forated, during early life, with many little foramina, 
which transmit nutritious vessels to the bone, and 
filled in the recent subject by a peculiar appendage of 
the brain :w—thirdly, a small tubercle called the oliva- 
ry process :—fourthly, a shallow transverse depression, 
which ends at eachside in the optic foramen ; it lodges 
a nerve, x and is called the optic groove s—fifthly, a 
smooth surface, presenting, in the median line, aslight 
longitudinal eminence separating two shallow depres- 
sions, which receive two nerves. y This surface is pro- 
longed forward into a sharp angle, which articulates 
with the ethmoid bone, and is called the ethmoidal 
process. On each side of the body, just external to 
the sella turcica, there is a shallow depression, which 
first passes from behind and below, vertically upward ; _ 
then runs horizontally forward; and then bends up- 
ward again. It lodges a venous sinus, z and a large 
artery. Itiscalled the cavernous groove. Posterior. 
Quadrilateral; covered with cartilage and arti- 
culated with the basilar process of the occipital 
during childhood; continuous with that bone in the 
adult. Anterior. Presents the opening of the cavity 
by which the body is hollowed. This cavity is 
divided by a vertical plate into two parts, called 
the sphenoidal sinuses. These sinuses do not exist 
in children, and their dimensions increase with age. 
Their form is various ; they are often subdivided by 
irregular osseous lamine, and the septum is frequent- 


ee 


w Pituitary body. z Optic commissure. 
y Olfactory. z Cavernous, 
a Carotid. 
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ly inclined to one side, or incomplete, or perforated 
by a hole. Their anterior and inferior walls are 
partly formed by two thin curved plates, originally 
separate, afterward adherent, and called the spie- 
notdal turbinated bones. Their orifices, contracted 
by these plates, open into the nasal fosse. Lower. 
Presents, in the centre, a prominent triangular 
spine, called the rostrum, and, on each side, a 
deep groove, covered by a horizontal projecting la- 
mina. These parts serve, as will be hereafter ex- 
plained, to fix on the vomer (106). External to 
the lamina on each side, a small groove runs from 
behind forward ; it is sometimes partially converted 
into a canal by a thin plate of bone: it is completed 
in the articulated skull by the sphenoidal process of 
the palate-bone, (89) transmits vessels,b and con- 
tributes to form the pterygo-palatine canal. (89). 
Lateral. These surfaces are smooth and even, they 
give attachment to the greater wings below, to the™ 
lesser wings above and in front, and are marked 
by the cavernous grooves already described. 

386. GREATER WINGS. Two strong processes, 
which arise from the sides of the body, pass outward 
alittle way, and then curve upward. =They are also 
prolonged backward posteriorly, into asharp angle 
called the spine of the sphenoid, which fits into the 
retiring angle formed by the squamous and petrous 
portions of the temporal bone, and is prolonged 
downward into a sharp eminence for the attachment 
of amuscle c anda ligament.d The greater wing 
presents for examination three surfaces, and a cir- 


b Pterygo-palatine. c Laxator tympani. 
d Internal lateral of lower jaw. 
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cumference. Surraces. Superior. Concave and 
marked by cerebral impressions and arterial 
grooves.e Presents, at itsinternal part, proceeding 
from behind forward, first, the foramen spinosum, 
a short canal (sometimes double), which pierces 
the projecting angle that has been described as the 
spine of the sphenotd, and transmits an ARLELy see 
secondly, the foramen ovale, which is much larger, 
and transmits a nerve; g and thirdly, the foramen 
rotundum, which strictly speaking is a canal ; it is 
directed forward and a little outward, and trans- 
mits a nerve.A There is sometimes seen, internal 
to the foramen ovale, a little hole, the orifice of a 
canal that descends to the pterygoid fossa, (38) and 
transmits a small vein ; itis called the foramen Vesa- 
lit. Inferior, Convex, and divided by a transverse 
ridge into two portions ; a superior, larger, concave 
from before back ward, conyex from above downward, 
furrowed by arteries, z covered by a muscle, 7 and be- 
, longing to the temporal fossa ; an inferior, smaller, con- 
“eave, belonging to the zygomatic fossa, and also cover- 
ed bya muscle.k It presents the lower orifices of the 
foramina, spinoswm and ovale, and quite at its poste- 
rior part, the irregular pointed eminence into which 
the spine is prolonged below. Anterior. A smooth, 
quadrilateral surface, directed forward and inward, 
forming the chief part of the outer wall of the orbit, 
and thence called the orbitar plate of the sphenoid. It 
is bounded, externally by a serrated margin, which 


e Formed by the meningeal artery. 


Jt Middle meningeal. g Third division of 5th, 
A Second division of 5th. i Deep temporal. 
J Temporal, k External pterygoid. 
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articulates with the malar bone; below by a rounded 
border, which contributes to form the spheno-maxil- 
lary fissure ; internally by a sharp edge, which forms 
the lower boundary of the sphenoidal fissure, and 
presents at its upper part a nofch (sometimes a hole) 
for the passage of an artery;/ and above by a trian- 
gular serrated surface, which articulates with the 
frontal bone. The orbitar plate presents at its upper 
part one or two small holes, which are called external 
orbitar foramina, and transmit small arteries, m Crr- 
CUMFERENCE. From the body tothe spine of the sphe- 
noid, the greater wing presents a short thick margin, 
the outer half of which articulates with the petrous 
portion of the temporal ; while the inner half contri- 
butes to form the /furamen laceruwm medium, (67) 
and presents the posterior orifice of the widian 
canal (38) (surmounted by a little triangular pro- 
cess, which, when the bones are united, divides the 
foramen lacerum medium into two parts). Exter- 
nal to the spine, the circumference of the greater 
wing presents a concave serrated border which ar- 
ticulates with the squamous portion of the temporal. 

It is bevilled at the expense of the inner surface 
below, and of the outer surface above, so that these 
bones mutually overlap each other. Atthe tip of 
the greater wing is a short margin, which is bevilled at 
the expense of the inner surface, and articulates with 
the anterior inferior angle of the parietal. Anterior 
and internal to this, the circumference presents a ser- 
rated triangular space, which separates the three sur- 


“A branch of the ophthalmic. 
m Branches of the middle meningeal, one of which 
supplies the lachrymal gland. 
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faces of the greater wing, andarticulates with the fron- 
- tal: it forms the wpper boundary of the orbitar plate; 
and is continuous internally with a thin margin, which 
is the inner boundary of the orbitar plate, and con- 
tributes to form the sphenoidal fissure. This margin, 
running downward and inward, joins the body of 
the sphenoid, and completes the circumference of 
the greater wing. 

37. LEssER WINGS, or PROCESSES OF INGRASSIAS. 
Two small pointed processes, each of which rises from 
the side of the body (at a point anterior and superior to 
the origin of the greater wing) by two roots, between 
which is the optic foramen, a round hole directed for- 
ward, outward, and a little downward, for the trans- 
mission of a nerve andanartery. o The upper root 
is thin and horizontal ; the Jower is thick, oblique, often 
hollowed by a cavity which forms part of the sphe- 
noidal sinus, (35) and marked in front by a little 
tubercle which attaches a tendon common to three 
muscles of the eye.p They support a triangular 
plate of bone, which has two surfaces, two borders, 
and two extremities. SuRFACES. Superior. Is smooth, 
wider internally than externally, and forms part of 
the anterior fossa of the floor ofthe cranium. Inferior. 
Resembles the former in shape, contributes to the 
roof of the orbit, and forms the upper boundary of 
the sphenotdal fissure, or foramen lacerum anterius ; 
which is a triangular fissure, lying, apex outward, be- 
tween the greater and lesser wings of the sphenoid, 
and forming a communication between the cranium 


n Optic. o Ophthalmic. 
p internal, external, and inferior recti muscles of 
the eye. 
D 2 
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and orbit. Borprrs. Posterior. Concave and 
rounded, corresponding to a fissure of the brain. q 
Anterior. Convex, and bevilled at the expense of the 
lower surface, to overlap the orbitar plate of the 
frontal, with which it articulates. EXTREMITIES. Outer. 
Terminate in thin sharp points. Znmner. Are thick and 
blunt, and extend backward over the sella turcica, 
under the name of the anterior clinoid processes ; they 
frequently unite with the posterior clinoid processes. 

38. PrERYGOID Processes. Each projects vertically _ 
downward from the point where the body and greater 
wing unite. It is hollowed behind by the pterygoid 
fossa, which is filled by a muscle, r and divides the 
process into two lamine, an external and an internal. 
The external lamina is wider, shorter, and turned 
a little outward; its outer surface belongs to the 
zygomatic fossa, (138) and gives attachment to 
a muscle;s and its inner surface contributes to 
the pterygoid fossa just mentioned. The internal. 
lamina is much narrower and longer, quite parallel 
with the median plane, and curved outward below 
into the hamular process, a little hook round which a 
tendon? turns; by its outer surface it contributes to 
the pferygoid, by its inner to the nasal fossa; while 
its posterior edge forms the outer boundary of the pos- 
terior aperture of the nasal fossa, and gives attach- 
ment toa muscle. This plate moreover presents at 
its upper part the scaphoid depression, an oval shallow 
eavity, which gives insertion to the muscle, v whose 


q Fissura Sylvii. + Internal pterygoid. 

s Internal pterygoid. ¢ Of the circumflexus palati. 
w Superior constrictor of the pharynx. 

» Circumflexus palati. 
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tendon plays round the hamular process. Above the 
scaphoie depression is seen the posterior orifice of the 
‘vidian canal, which perforates the root of the pterygoid 
process from before backward, and transmits vessels 
and nerves of thesamename. The pterygoid procese 
presents in front, from above downward, first, the an- 
terior orifice of the vidian canal; secondly, a margin 
which articulates with the perpendicular plate of the 
palate bone ; (89) and thirdly, a cleft (formed by the 
bifurcation of the two plates), into which the tuber- 
osity of the palate bone is received. Superior and ex- 
ternal to the anterior aperture of the vidian canal 
appears the anterior orifice of the foramen rotundum; 
a relation which it is important to remember. 

Structure. Cellular in its thicker parts; else- 
where compact. DEVELOPMENT. By seven points; 
one for the body: one at the base of each lesser 
wing ; one at the root of each pterygoid process ; and 
one for each internal pterygoid plate. The sinuses 
are gradually developed by age. ARTICULATIONS. 
With the ethmoid, frontal, parietal, temporal and 
occipital bones; also with the vomer, sphenoidal tur- 
binated, malar, and palate bones. Sometimes, more- 
over, it joins the upper maxillary, by the anterior 
border of the pterygoid process, or by the orbitar 
plate. (83) 


OF THE ETHMOID. 


39. Tue Erumorp is a light cubical bone, situated 
at the anterior part of the base of the cranium, and 
consisting of a vertical plate, which forms part of the 
septum of the nose; « horizontal plate contributing 
to the base of the cranium; two bundles of cells 
hanging from the sides of the horizontal plate ; and 
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an eminence called the crista galli, projecting into 
the cranium. 

40. HorizonraL, or Criprirorm Piate. Fills up 
the ethmoid notch of the frontal bone, and presents 
above ; first, in the middle a triangular crest of 
variable size and form, called the crista galli. The 
lower border of this crest joins the cribriform plate ; 
the posterior, long, thin, and slanting, gives attach- 
ment to a fold of fibrous membrane: w the anterior, 
short, thick, and vertical, articulates with the fron- 
tal bone. Its summit presents two little eminences, 
which generally contribute to form the foramen 
cecum ; (47) its sides are convex and smooth. On 
each side of the crista galli the cribriform plate is 
concave; pierced with the olfactory holes, for the 
transmission of nervous filaments;z and perforated 
in front by a small fissure for a particular nerve. y 
On each side of the cribriform plate are several half 
cells, completed by similar ones on the frontal; and 
two small grooves passing from within outward and 
backward, which with the frontal form the internal 
orbital foramina (more properly called canals). The 
anterior is often connected with the fissure just men- 
tioned by an oblique g7voove, which lodges the nerve 
that they both transmit.y The posterior gives pas- 
sage to a small artery and vein. 

41. VERTICAL PLATE. Joins the transverse by 
its upper border ; by its lower, which slopes down- 
ward and forward, it articulates with the vomer; by 
its posterior, which is vertical, it corresponds to the 


w Falx major of dura mater. « Olfactory, 
y Nasal twig of ophthalmic division of 5th. 
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septum of the sphenoidal sinuses ; while its anterior 
is divided into two parts; an wpper, shorter, and 
sloped forward, which articulates with the frontal 
spine, and the crest of the nasal bones; a lower, 
longer, and sloped backwards, to which a cartilage a 
is attached. On the sides of the vertical plate are 
seen grooves, and the orifices of cavals whose upper 
extremities appear on the cribriform plate. They 
transmit nervous filaments. 6 

42, Laterat Masses. Each presents, externally, a 
smooth square plate called the os planum, which forms 
part of the inner wall of the orbit. In the upper 
edge of this plate are seen the notches that concur to 
form the apertures of the internal orbitar canals: 
before and behind it are several half cells, the 


anterior closed by the lachrymal, the posterior by, 


the sphenoidal turbinated bone: below it isan uneven 
surface, by which it unites, in front with the upper 
maxillary, and behind with the palate bone. The 
inner surface of each bundle of cells (i.e. the side 
“next the perpendicular plate) presents at its upper 


and posterior part a curved lamina called the supe- , 


rior turbinated bone of the ethmoid, overhanging a 
horizontal groove called the superior meatus, in which 
is seen the orifice of the pusterior ethmoid cells. 
Below this appears a second curved lamina (twice as 
long as the first), called the middle turbinated bone of 
the ethmoid, whose lower margin is free and thick, 
and whose concavity, directed outward, contributes 
to form the middle meatus, another horizontal groove 
which presents in front the orifice of the anterior 
ethmoid cells. The whole of this surface is rough, 
and marked with grooves and orifices, which trans- 
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a Triangular cartilage of the nose. b Olfactory- 
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mit little nerves. The cells of each bundle are divid- 
ed by a bony lamina into two sets, which do not 
communicate with each other. The posterior are 
the smaller and less numerous; they open into the 
upper meatus, and either communicate with the 
sphenoidal sinuses behind, or are closed by the 
sphenoidal turbinated bones, or by a plate belong- 
ing to the ethmoid itself. The anterior are more 
numerous, and one of them which is long and 
flexuous, opening into the frontal sinus above, and 
into the middle meatus below, is called the cfundibu- 
lum. Tn front of these there are some little half cells, 
covered by the ascending process of the upper max- 
illary. So that, in the united skull, the ethmoid cells 
are completed by the frontal, superior maxillary, la- 
chrymual, and palate bones; and generally also by 
the sphenoidal turbinated bones. 

43. STRUCTURE. Of compact tissue. DkrvVE- 
LOPMENT. By three points, one for the middle, 
and one for each lateral portion. Solid and cartila- 
ginous in the child, it becomes in the adult light, 
laminated, andcellular. ARTICULATIONS. With the 
sphenoid, frontal, upper maxillary, inferior turbi- 
nated, vomer, nasal, lachrymal, and palate bones: 
also with the sphenoidal turbinated bones, which 
often form a complete osseous union with it. 


OF THE FRONTAL. 


44. This bone, resembling acockleshellin shape,and 
situated at the anterior part of the cranium,,. consists 
of two portions, a horizontal below, a vertical above; of 
these the latter is by far the thicker and more exten- 
sive ; each presents an zréertor and an exterior aspect. 

45, HorizontTaL Portion. Laterior aspect. Is 
directed downward, and presents in the middle the 
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ethmoid notch, a quadrilateral space filled up, when 
the bones are united, by the cribriform plate of 
the ethmoid. In front of this notch appears the 
nusal spine,a a sharp thin eminence, which pro- 
jects downward and forward, articulating in front 
with the crest of the nasal bones, behind with the 
perpendicular plate of the ethmoid. On each side 
of this spine appear the apertures of the frontal 
Sinuses ; two cavities, absent in the child, gradually 
developed by age, extending in the adult to a 
greater or less distance between the inner and outer 
tables of the vertical portion of the bone, and com- 
municating with the infundibulum. (42) The situa- 
tion of these sinuses is indicated on the exterior of the 
bone by two projections, observed, more or less dis- 
tinetly in different skulls, just above the root of the 
nose, and called the nasal eminences. To,return to 
the ethmoid notch : it is bounded on each side by a 
narrow space, which overlaps the upper surface of 
the ethmoid,- presents several half cells which cover 
the corresponding half cells of that bone, and also 
two grooves which are completed by grooves of the 
ethmoid, already described, and contribute to form 
the internal orbitar canals.(40) Still further out- 
ward this aspect presents on each side the vorbitar 
vault, a smooth, triangular, concave surface, which 
presents at its anterior and external part the lachry- 
mal fossa, a shallow depression for the reception of 
a gland;6 at its anterior and internal part a slight 


a Very fragile, and generally broken off in the 
separation of the bones. 

6 This can scarcely be called a separate fossa ; it 
is rather, as Prof. Partridge has observed, a deeper 
part of the general concavity of the surface. 
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tubercle (or depression) for the attachment of a fibrous 
pulley, through which the tendon of a small muscle ec 
is reflected. 

46. VERTICAL PorTION. Exterior aspect. Pre- 
gents in the median line, during childhood, a vertical 
suture, which usually, but not always, disappears 
in the adult. At the lower end of this suture, and 
just above the nasal notch, are the nasal eminences 
above described. On either side, and proceeding from 
above downward, are seen, first, a Smooth surface, 
covered in the recent subject by the aponeurosis of 
a muscle;d secondly, the frontal protuberance, a 
rounded eminence, which indicates the point where 
ossification commenced, and is very distinct during 
childhood ; thirdly, the supra-ciliary ridge, a curved 
transverse eminence, corresponding to the eyebrow, 
continuous at its inner extremity with the nasal 
eminence, and separated from the frontal pro- 
tuberance by a slight depression; fourthly, the 
supra-orbital arch, a curved transverse margin, which 
separates the vertical from the horizontal portion of 
the bone, forms the anterior boundary of the orbitar 
surface, and presents at the junction of its inner and 
middle thirds a notch, which is converted into a hole 
either by a bony process, or a ligament, stretching 
across it; it goes by the name of the supra-orbilar 
notch or foramen, and serves for the transmission of 
vessels and a nerve.e The supra-orbitar arch is 
surmounted by a slight transverse depression which 
separates it from the supra-ciliary arch ;.and it ter- 
minates at each end in a serrated process: these 
processes are called respectively the internal, and 


ce Obliquus superior oculi. d@ Temporal, e Frontal. 
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external, angular process. The external angular 
process is thick, prominent, and articulates with the 
malar bone. Running upward and backward from it 
there is a prominent curved line, called the temporal 
ridge, which joins a corresponding ridge on the parie- 
tal bone, and gives attachment to a fuscia. f Behind 
and below this ridge the bone is slightly concave, 
forms part of the temporal fossa, and gives origin to 
a muscle. The internal angular processes are less 
prominent than the external, and articulate with the 
lachrymal bones. Between them is a rough serrated 
interval, called the nasal notch, which articulates in 
the middle with the nasal bones, and on each side 
with the nasal process of the upper maxillary. 

47. VERTICAL PorTION. Interior aspect. Marked in 
the middle with a vertical groove, which is called sulcus 
longitudinalis, or the groove for the longitudinal sinus, 
and lodges the venous canal of that name. Several 
small irregularly shaped fosse, for the reception of 
certain little bodies discovered by and named after 
Pacchioni, are seen on each side of this groove. Its 
margins unite below to form aridge, called the erista 
frontalis, to which a fold of fibrous membrane g is 
attached. This crest terminates below at a small canal 
called the foramen cecum, which is generally com- 
pleted by the ethmoid (40); it lodges a process of 
fibrous membrane / and frequently transmits a minute 
yein. On each sideof the longitudinal sulcus is a con- 
cave surface, traversed by arterial furrows, marked 
with eminences and depressions which fit the convolu- 
tions of the brain, and presenting in the middle a shal- 
low depression, called the frontal fossa, correspondent 
RS Cs i compan eee ere 

f Temporal. g Falx major of dura mater. 

h The tip of the falx major. 
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in situation, and proportionate in size, to the frontal 
protuberance of the exterior surface. 

48. HortZONTAL PorTION. Interior aspect. Pre- 
sents, in the middle, the ethmoidal notch, and on 
each side, the convex upper surface of the orbitar 
plates, smooth, strongly marked with cerebral impres- 


sions, and forming part of the floor of the cranium. |; 

49. Mareins. Vertical portion. Thick, denticu- 
lated, curved, cut obliquely at the expense of the in- 
terior surface above, of the exterior below ; articu- 
lated with the parietal bones, which it supports be- 
low, but overlaps and rests upon above. This mar- 
gin terminates below, on each side, in a triangular 
rough surface, which articulates with the greater wing 
of the sphenoid. Horizontal portion. Thin, nearly 
straight, interrupted in the middle by the ethmoidal 
notch, bevilled at the expense of the interior surface, 
and articulated with the lesser wings of the sphenoid. 

50. Structure. Horizontal portion. Of a thin com- 
pact lamina. Vertical portion. Of acellular diploé, 
contained between two compact tables, of which the 
exterior is thick and tough, the interior thin, but very 
hard and brittle, hence called witreous.i DEvELoP- 
MENT. In two separate pieces, by two points of ossi- 
fication, situated at the frontal eminences. ARTI- 
CULATIONS. With the parietal, sphenoid, ethmoid, 
nasal, superior maxillary, lachrymal, and malar 
_ bones, by the points described. 


OF THE PARIETAL BONES. 


51. A pair of large flat bones, situated at the upper 
and lateral parts of the cranium, irregularly quadri- 


i This structure is a general characteristic of the 
flat bones of the cranium. 
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lateral in form, and presenting for examination, two 
surfaces, four angles, and four edges. 

52, SURFACES. Eafterior. Convex, smooth, pre- 
senting in the middle an eminence called the parietal 
protuberance, which surmounts a curved ridge, con- 
tinuous with the temporal ridge of the frontal, (46) 
and forming the superior limit of an uneven surface, 
which is marked with arterial furrows, gives attach- 
ment to a muscle, & and belongs to the temporal 
Sossa. Interior. Concave, marked with cerebral 
impressions, and with arterial furrows which run up- 
ward and backward from the anterior inferior angle. 
Along the upper margin runs a half groove, which, 
with a similar one on the opposite bone, forms a 
longitudinal furrow, continuous with the longitudinal 
furrow of the frontal before, and with the longitudi- 
nal furrow of the occipital behind; it transmits a 
venous sinus.2 On each side of this groove are seen 
several small Pacchionian fosse. (47). 

53. EpGes. Superior. The longest ; straight, denti- 
culated, and joined to the opposite bone to form the 
sagittal suture. Inferior, Divided into three por- 
tions; an anterior, straight, thin, bevilled at the 
expense of the outer surface, and overlapped by the 
end of the greater wing of the sphenoid; a middle, 
curved, thin, bevilled at the expense of the outer 
surface, and overlapped by the squamous portion of 
the temporal; a posterior, straight, thick, serrated, 
and articulated with the mastoid portion of the tem- 
poral, Anterior. Joins the frontal, forming the coronal 
suture ; it is cut obliquely, in such a manner as to 
overlap the frontal below, to be overlapped by it 
above. Posterior. Joins the occipital, forming the 


k The temporal. 1 The longitudinal. 
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lambdotdal suture. The parietal foramen, a hole for 
the transmission of a vein, m is seen at the upper part 
q { of this suture, or at the upper part oe the ae 2 

bone near it. Jo And ntmce ; 

Beh {4 ,04. ANGLES. Anterior superior. A ee ne 

| ~# substituted in childhood by a membranous part, 
called the superior fontanelle. Anterior inferior. 
Prolonged downward and forward to fit into the 
angle between the frontal and sphenoid, and marked 
internally by an arterial groove. Posterior supe- 
rior. An obtuse angle, which corresponds to the 
junction of the sagittal and lambdoidal sutures. (63) 
Posterior inferior. A truncated angle, which joins the 
mastoid portion of the temporal, and is grooved 
horizontally by a venous channel o continuous with 
the transverse one that has been described on the 
occipital. (30) 

55. DEVELOPMENT. By one point of ossification, 
at the parietal protuberance. ARTICULATIONS. To 
its fellow, to the frontal, sphenoid, temporal, and 
occipital, by the points described. 


OF THE WORMIAN BONES. 


56. These are irregular bones, of variable form 
and size, occurring in the sutures of the cranium, 
and chiefly in the sagittal and lambdoidal, (63) 
The upper angle of the occipital, and the anterior 
superior angle of the parietal, are sometimes substi- 
tuted by quadrilateral Wormian bones of consicer- 
able size. The extremity of the greater wing of 
the sphenoid, and the anterior inferior angle of the 


m One of the emissary veins of Santorini, vel 
2 For the middle meningeal are ye 
o For the transverse sinus, ¢~ Pants mba 
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parietal, are also occasionally formed by Wormian 
bones. I have seen a skull in which one half of the 
lambdoid suture was formed by large Wormian bones, © 
disposed in a double row, and jutting deeply into each 
other. Dumontier mentions a similar one; and. 
Bourgery refers to another specimen of the same 
kind in the Anatomical Museum of Val-de-Grace. . 
Beclard has described a skull in which the whole of 
the occipital bone above the upper curved lines was 
formed by two large triangular Wormian bones, 
united by a vertical suture, continuous with the 
Sagittal. I haveseen a skull (now, I believe, in the 
possession of Dr. Todd) which presents a similar 
arrangement. In other instances, they are no bigger 
than a pin’s head, very numerous, and formed en- 
tirely in the outer table. According to M. Cloquet, 
they never occur at the base of the cranium, and 
seldom in heads of arounded form. My own obser- 
vations compel me to differ from M. Cloquet on 
both these points. Ihave examined more than 100 
skulls of various nations, andhave often found the 
Wormian bones numerous in rounded heads, and com- 
paratively few in others of an oblong, or mishapen 
form. To take a single instance; the Turkish skull 
in the Museum of Bartholomew Hospital (marked 
No. 21) presents four large Wormian bones, and 
several smaller ones; while of the African skulls, 
there are two (Nos. 2 and 10) which contain scarcely 
any of these bones. Yet the former has the globu- 
lar shape peculiar to the skulls of the Turkish 
nation; and the two latter are well-marked speci- 
mens of the elongated negro cranium. Again, I 
have a sphenoid bone, whose lesser wing presents 
a small Wormian bone, now adherent by akind of 
suture, but evidently developed originally as a sepa- 
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‘rate piece. And I have lately found (in the museum 
of King’s college) a skull in which the suture beween 
the sphenoid and ethmoid bones presents deep denti- 
culations (some a quarter of an inch long), and con- 
tains four distinct Wormian bones. I mention these 
facts because they appear to suggest some modifica- 
tion of the received theory of the formation of Wor- 
mian bones, as I shall endeavour to show in another 
place. Their use is questionable. Bichat believes 
that they are designed to strengthen the cranium. I 
am rather inclined to think with Cruveilhier, that - 
they are irregular productions, not at all essential to 
the mechanism of the skull; for they are sometimes 
quite smooth and undenticulated at the margin; 
and, when small, are often enclosed between the 
denticulations of one and the same bone. To 
which may be added, that when they are unequally 
distributed over the cranium, we do not find the side 
in which they are most numerous stronger or more 
difficult to disarticulate than the other. However, 
I have observed in several skulls a pair of oval 
Wormian bones, equal in size, and placed one on 
each side, about an inch and a half from the median 
line,—the same point at which a remarkably large 
and long denticulation is frequently seen. Certainly, 
it is possible that in such instances they may act 
somewhat in the manner of cramps, to hold the occi- 
pital and parietal bones together. 

In structure, development, and mode of articula- 
tion, thev resemble the other cranial bones. 


OF THE TEMPORAL BONES. 

57. A pair of complex bones, situated at the 
lateral and inferior parts of the cranium, and divided 
into three portions; the sguamous, anterior and su- 
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perior ; the mastvid, posterior ; and the petrous, pro- 
jecting internally from the point of junction of the 
two former; these parts, separate in childhood, form 
but one piece in the adult. * Their surfaces and bor- 
ders will be described in succession. 

58. Squamous PormTIon. Exterior surface. 
Smooth, convex, and marked slightly with arterial p 
impressions; it gives attachment to a muscle, q 
forms part of the temporal fossa, and is divided 
from the mastoid portion by a curved ridge. This 
ridge is continuous with one onthe parietal bone ; 3 (52) 

it attaches an aponeurosis,7 and forms the posterior 
boundary of the temporal fossa. At the lower part 
of the exterior surface arises the zygomatic process ; 
a flat branch of bone which has two surfaces and two 
edges; which runs first outward and then forward; 
and which is so twisted that while ranning outward 
its surfaces are superior and inferior, but while run- 
ning forward its edges become superior and in- 
ferior. The upper edge of this process is long, thin, 
< level, and attaches an aponeurosis 3; 7 the lower is 
Phos; thick, curved, and gives origin to a muscle.s 
The outer surface is convex and subcutaneous, the 
inner concave. The extremity, cut obliquely at the 
expense of the lower edge, and (generally) of the outer 
‘surface, is serrated for articulation with the malar 
bone. This process arises by two roots, the descrip- 
tion of which shall follow that of the plete cavity. 
This isau oval depression, directed downward, for- 
ward, and alittle outward, and divided by a narrow 


p Of the deep temporal arteries. 
_ q The temporal muscle, + The temporal. 
-s The masseter, 
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slit, called the Glasserian Sissure, into two parts; ati 
with Gruloee: for articulation with the poaeie of the 
lower jaw; a posterior, less even, and non-articular, 
which is formed chiefly by the vaginal process of the 
petrous portion, and lodges part of a gland.s The 
Glasserian fissure, which effects this division, leads 
into the tympanum, and transmits a tendon, a bony 
process, and some vessels. (146) Of the roots of the 
zygomatic process, the anterior, which is also inferior 
and transverse, forms the front boundary of the 
glenoid cavity,is covered, in the recent state with 
cartilage, and is continuous,with a ridge that runs 
horizontally forward on the temporal bone, to join 
the horizontal ridge seen on the outer surface of the 
great wing of the sphenoid: (36) the poséerior, alsa 
superior, subdivides into two branches ; an inferior, 
short and tubercular, which invaunesne at the outer 
end of the Glasserian fissure; a sezperior, likewise 
posterior, which sweeps Renaud to the circumference 
of the bone ; being in fact identical with the curved 
line that has been already described as dividing the 
mastoid from the squamous portion. Just where the 
anterior and posterior roots unite to form the zygo- 
matic process, there is a tubercle for the attachment 
of aligament.¢ JIntericr aspect. Concave, marked 
with cerebral impressions “and arterial furrows. 
Border. Thin, semicircular, and bevilled at the ex- 
pense of the interior surface, at the wpper part, where 
it everlaps the parietal and forms the squamous su- 
ture ; (63) thick, denticulated, andbevilled alternately 
at the expense of the interior and exterior surface, 


s The parotid. ¢ External lateral of lower jaw. 
cy bade, Cxrtfrrtpir, Se we t ws gt sheusfes 
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at its lower and an/erior part, where it articulates 
with the sphenoid. 

59. Masrom Portion. Exterior aspect. Presents, 
at its upper part, a rough surface, perforated by a 
hole called the mastoid foramen. This hole transmits 
vessels ; uw its position and size are irregular; it is 
often found in the suture between the mastoid por- 
tion of the temporal and the occipital. The mastoid 
portion is prolonged inferiorly intoa large conical 
eminence, called the mastoid process. This process, 
which presents many varieties of size and form in 
different individuals, gives attachment to several 
muscles.v Interior aspect. Presents, above, a deep, 
curved, venous channel (into which the mastoid fora- 
men, just described, opens), This channel is con- 
tinuous with the transverse groove formerly described 
on the occipital (30) and parietal bones, (54) and trans- 
mits the same sinus. w Below it appears the internal 
side of the mastoid process, marked with the digas- 
tric groove, which attaches a muscle of the same 
name; and, more internally, with the occipital groove 
(parallel to the former, but much smaller, and often 
not distinctly seen), which transmits an artery of the 
Same name. Borders. Rough and serrated; the 
superior articulates with the parietal; the posterior 
with the lower border of the occipital, between its 
jugular process and transverse angle. Angle. This 
is the hindmost point of the bone, formed by the 
junction of the two borders just described, 
we ee I Se ee 

u A small artery, and an emissary vein of Santorini. 
» Sterno-mastoid, trachelo-mastoid, splenius capitis. 
w Transyerse, _ 
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60. PeTrous Portion. A very hard pyramidal 
process, which contains the organs of hearing, and 
presents for examination a base, a truncated apex, 
three edges, and three surfaces. Of these surfaces 
the anterior and posterior are situated within the 
cranium: while the inferior is seen on its exterior as- 
pect. The exact direction of the three surfaces is a 

a GE lt as 

follows. The anterior looks upward and eee s 
as well as forward; the posterior looks upward and 
eee ; : 

outward, as well as backward; the inferior looks 
a little inward and backward, as well as downward. 
The exact direction of the entire process is from with- 
out, inward, forward, and alittle downward. BasE. 
The upper part of the base is entirely concealed by 
the squamous and: mastoid portions to which it is 
fixed; but its lower part, appearing in consequence 
of the divergence of those portions, presents the oval 
expanded orifice of the meatus uuditorius externus, 
a canal leading to a chamber in the petrous process, 
called the tympanum. This orifice lies between the 
mastoid process and the glenoid cavity ; its lower 
margin is rough for the attachment of the cartilage 
of the ear, and formed by a curved plate of bone 
common to it and the glenoid cavity ; its upper mar- 
gin is generally smooth and rounded. The descrip- 
tion of the canal itself will be included in that of the 
ear. (144) | SurFacEs. Anterior. Continuous with 
the interior surface of the squamous portion ; to which 
it is joined by a sort of suture, that remains dis- 
tinct even in old age, and indicates the original separa- 
tion of these two portions of the bone. It is marked 
with cerebral impressions, belongs to the middle 
fossa of the cranium, and presents in front a small 
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shallow groove, leading backward to an aperture 
called the hiatus Fallopii ; which opens into a canal 
called the aqueductus Falloptt. (164) The groove, 
which is sometimes double, lodges a nervex and a 
small artery, which enter the aperture, and pass 
along the canal, Just in front of it this surface 
presents a notch or deficiency; so that the carotid 
canal, which lies immediately below, is here, as it 
were, unroofed. Above this notch there is a de- 
pression, generally shallow, but sometimes deep and 
distinet, for the reception of a nervous ganglion. y 
Lastly, above and behind the hiatus Fallopii, this 
surface presents an eminence, which indicates the 
position of the superior semicircular canal. (155) 
Posterior. Continuous with the interior surface of 
the mastoid portion, marked with cerebral impres- 
sions, and belonging to the posterior fossa of the 
cranium. It presents, nearly in the centre, the 
smooth rounded orifice of the meatus auditorius in- 
ternus; (164) and behind this a little slit, covered 
by a triangular plate of bone, and forming the 
expanded orifice of a minute canal, called the aque- 
ductus vestibult. (154) Between these two apertures, 
but on a somewhat higher level, there is a little 
depression of variable form and size, which gives at- 
tachment to a slip of fibrous membrane, z and trans- 
mits a little vein into the cancellous tissue of the 
bone. Inferior. An unevencomplex surface, which 
forms part of the base of the cranium, and presents, 
passing from the summit towards the base of the pro- 
cess, (7. e. from within and before, outward and back- 
ward), the following objects ; first, a rough quadri- 


w« Cranial branch of vidian nerve. 
y Gasserian ganglion of 5th nerve. z Dura mater. 
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lateral surface, which gives attachment to two 
muscles; a behind this, two holes, one round and 
very large, situated externally; the other trian- 
gular and very small, situated close to the pos- 
terior border of the process. The former is the 
lower aperture of the carotid cunal ; the latter is the 
lower aperture of the agueductus cochlee. The 
carotid canal runs from its lower orifice at first ver- 
tically upward; then, making a sudden bend, passes 
horizontally forward and inward, sothat its other end 
appears at the summit of the process. It transmits 
a large artery, 6 and some nervous filaments.c The 
aqueductus cochlee will be described with the in- 
ternal ear. (163) Behind these holes is a large de- 
pression, called the jugwlar fossa, which varies in 
depth in different skulls, and even on the opposite 
sides of the same. Jt lodges a large vein, d and is 
bounded externally by a sharp-edged prominent plate 
of bone, which extends from the carotid canal back 
to the mastoid process, separating the jugular fossa 
from the glenoid cavity. This plate, which is called 
the vaginal process, divides at its posterior part into 
two lamine ; from between which projects a long and 
very remarkable process of bone, called the styloid 
process. This epiphysis, which in animals forms a 
separate bone, in man is generally continuous with 
the vaginal process. which encloses its base like a 
sheath ; occasionally, however, it is a movable piece 
connected by cartilage with the rest of the bone. 
Jt is about an inch long, runs downward, forward, 
and inward, and gives attachment to three muscles, e 


a Levator palati mollis, and tensor tympani. 
b Carotid. e Carotid plexus. ad Jugular, 
e Stylo-hyoideus, stylo-glossus, stylo-pharyngeus. 
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and two ligaments.g Behind these two processes 
there are a hole and a fissure. The hole, which 
lies between the styloid and mastoid processes, is 
called the stylo-mastoid foramen ; it is the inferior 
orifice of the aqueductus Fallopii, (164) and trans- 
mits anerve. A The fissure, which is very narrow, 
and extremely variable in depth, z is called the auri- 
cular fissure; it separates the vaginal from the mas- 
toid process, and lodges a small nervous filament. I 
The two processes, fissure, and hole, just described, 
are external to the jugular fossa ; behind it there is a 
square facet called the jugular surface, which articu- 
lates with the jugular process of the occipital bone. 
Theseare the principal objectsthat appear on the lower 
surface of the petrous portion: some minuter points 
will be mentioned in the description of the tympanum. 
Epces. Superior. The longest and most even. It 
is marked by a channel, which is called the superior 
petrosal groove, and lodges a venous sinus of the 
same name. It presents, at its inner extremity, a 
semilunar depression, on which a nerves rests. Pos- 
terior. The second in Jength, uneven, but not den- 
ticular, and articulated, by apposition, with the 
basilar process of the occipital. Its inner half is 
marked by a groove, which, when completed by one 
on the corresponding border of the occipital, is called 
the inferior pelrosal groove, and transmits a venous 
sinus of the same name. Its outer half presents a 
large notch, which ccrresponds in size and situation 
ee ae Se ene 

g Stylo-hyoid, stylo-maxillary. h Facial. 

i Sometimes a quarter of an inch deep, sometimes 
scarcely perceptible, sometimes absolutely deficient- 

j An auricular branch of the facial nerve. & Third. 
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with the jugular fossa, and, with a similar notch on 
the occipital, forms the foramen lacerum posterius. 
A little sharp eminence often projects from the 
centre of this notch, dividing the hole into two por- 
tions. (The jugular surface, and the aqueductus 
cochle#, are sometimes referred to this border.) 
Anterior. Divided into two parts ; an izner, free and 
articulated with the spine of the sphenoid (which is 
received into the retiring angle formed between this 
border and that of the squamous portion) ; an oufer, 
joined to the squamous portion above, by a suture ; 
but separated from it below, by a narrow interval, 
already described as the Glasserian fissure. In the 
apex of the retiring angle just mentioned, are seen 
the orifices of two small canals, lying one above the 
other, and only separated by a thin lamina. The 
upper of these lodges a little muscle of the. ear, / 
while the lower is the bony portion of the Eustachian 
zube. When the bones are joined, these canals open 
at a point internal to the spine of the sphenoid. 
‘They both leadinto the tympanum, and will be further 
described whenwe speak of that cavity.(145) Summit. 
Is irregular and obliquely truncated, presents the 
anterior orifice of the carotid canal, and forms the 
posterior and external boundary of the foramen 
lacerum medium. 

61. Srrucrure. Petrous portion exceedingly hard 
and dense ; mastoid portion cellular ; squamous por- 
tion like the other flat bones of the cranium. 
DEVELOPMENT. In the child the styloid process is 
articulated to the petrous by a cartilage, and the 
external meatusis a separate ring of bone, imperfect 


i Tensor tympani. 
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above. These two parts have each a separate point 
of ossification, as also have the mastoid, petrous, and 
squamous portions, and the zygomatic process; 
making six in all. ARTICULATIONS. With the sphe- 
noid, occipital, parietal, malar, and lower maxillary 
bones. 


ARTICULATIONS OF THE CRANIAL BONES. 


62. The bones that have now been described form 
by their junction thirteen sutures. (7) These are 
often described incidentally, in demonstrating the 
regions which they respectively traverse ; but they 
are perhaps more easily remembered when studied 
in connexion with each other. They are best dis- 
tinguished by designations compounded of the names 
of those bones between which they are respectively 
formed; as fronto-parietul, inter-purietal, &c. 
Several have also received names derived from their 
situation, or particular appearance; as coronal, sa- 
gittal, lambdoidal, basilar, &e. 

63. CRANIAL SuTurEs. Sagittal. Is formed by 
the junction of the two parietal bones, and runs along 
the top of the cranium, from the summit of the occi- 
pital to the centre of the frontal bone. In children, 
and in adults also, when the two sides of the frontal re- 
main separate, it is continued forward to the root of 
the nose. It sometimes presents, towards its pos- 
terior extremity, the parietal hole (53) ; and in front, 
where it joins the coronal suture, frequently bifurcates 
to enclose a large quadrilateral Wormian bone. 
Coronal. Cuts the sagittal at right angles, sweeping 
round transversely over the top of the cranium, from 
the extremity of one greater wing of the sphenoid, to 
the corresponding point on the opposite side. It is 
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formed between the frontal and parietal bones, and is 
so disposed that the frontal rests on the parietal 
above, and vice versa below. Lambdoidal. Passes 
from the angle of the mastoid portion of the temporal 
on one side, to the same point on the other; describ- 
ing in its course two sides of atriangle. It isformed 
between the occipital and the two parietal bones, is 
very deeply denticulated,m and usually contains 
several Wormian bones. Masto-parietal. Squa- 
mous. Spheno-parietal. These three sutures are 
subdivisions of a single suture, formed between the 
lower border of the parietal, and the two adjacent 
bones (temporal and sphenoid); and consequently 
extending from the lower end of the lambdoidal suture 
behind, to the lower end of the coronal in front. 
Masto-parietal. A short denticulated suture joining 
the posterior division of the inferior border of the 
parietal, with the mastoid portion of the temporal. 
Cloquet, followed by several other writers, has de- 
scribed this as part of the squamous suture. But 
since it is denticulated, it is better not to call it 
squamous. Squamous. A curved suture formed by 


m In all suture dentate (see Table of the articula- 
tions, page 7) the denticulations of the exterior table 
are much deeper than those of the interior or vitreous 
table. In this suture for instance, the denticulations 
may be half an inch long on the exterior surface; 
while on looking from within the cranium one sees | 
borders merely placed in apposition. This is per- 
haps on account of the brittleness of the vitreous table, 
as John Bell believed. In some skulls, however, one 
sees every here and there long jagged denticulations 
even on the interior table. 
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the squamous portion of the temporal overlapping the 
middle division of the lower border of the parietal. 
Spheno-parietal. A very short suture formed by 
the end of the greater wing of the sphencid overlap- 
ping the anterior division of the lower border of the 
parietal. 

The remaining sutures traverse the base of the 
cranium. 

Basilar. The line of junction between the sphenoid 
and occipital bones. It runs transversely in front of 
the basilar process, contains a layer of cartilage in 
childhood, and disappears in adult age, in consequence 
of the union of the sphenoid and occipital bones. 
Between the outer extremity of the basilar, and the 
lower extremity of the lambdoidal suture, occur two 
other sutures; the one formed by the junction of 
the petrous portion of the temporal with the occipi- 
tal, the other by the junction of the mastoid portion 
of the temporal with the occipital. In the first or 
petro-occipitul, the bones are separated by a thin 
layer of cartilage. The second, or mastoid, is very 
slightly denticulated, and often presents the mastoid 
foramen. Between the outer end of the basilar 
suture and the posterior end of the spheno-purietal, 
two more sutures intervene. The first, or petro- 
sphenoidal, is formed between the great wing of the 
sphenoid and the petrous portion of the temporal ; 
and here the bones are merely placed in appo- 
sition (exemplifying the sutura apposita, or harmonia). 
The second, or sqe¢amo-sphenoidal, is formed between 
the great wing of the sphenoid and the squamous 
portion of the temporal; and here the bones are 


cut obliquely, and serrated (exemplifying the satura 
limbosa), 
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Two sutures, the sphenoidal, and the ethmoidal, 
remain. 

The sphenoidal suture is formed between the anterior 
superior border of the sphenoid and the bones with 
which it articulates, viz. the ethmoid and sphenoidal 
turbinated bones in the middle, the frontal laterally. 
Viewed from below, this suture is observed to have 
three portions; Ist, a central portion which runs 
across from one external angular process to the 
other, traversing the roofs of the orbits, and forming 
a curve whose concavity is directed forward; 2nd 
and 3dly, two lateral portions, lying, one on each 
side, between the external angular process and the 
anterior end of the spheno-parietal suture. At the 
central part of this suture the bones are thin and 
merely apposed to each other without denticulation ; 
towards the external angular process they join by a 
broad denticulated surface ; laterally, the sphenoid 
is squamous, and overlaps the frontal. The ethmoi- 
dal suture is formed by the junction of a broad mar- 
gin around the ethmoid notch of the frontal, with a 
corresponding margin on the upper surface of the 
ethmoid. In this suture, which forms three sides 
of a parallelogram, and enters the sphenoid suture 
at right angles, several small cells, and the internal 
orbitar canals, are observed. 


OF THE CRANIUM IN GENERAT. 


64. The shape and articulations of the cranial 
bones having now been severally described, it re- 
mains to take a general view of the chamber which 
they unite toform. The cranium is an ovoid, larger 
behind than before, flattened laterally and atthe base, 
smooth above, uneven and perforated with many 
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holes below. It is nearly, but seldom perfectly, 
symmetrical. Its relative size presents considerable 
variations, dependent on age, sex, and class. Thus, 
it is proportionally larger in the foetus than in the 
adult, in the male than in the female, and in the 
Caucasian, than in either the Ethiopian or Mongo- 
lian racesofmen. The form of the cranium, espe- 
cially of its upper segment or vawl/, presents very 
marked and characteristic varieties in different tribes; 
and also some minor peculiarities in different indivi- 
duals of the same tribe. With regard to these latter, 
it is asserted by Cloquet, Cruveilhier, and others, 
that the cranium usually gains in one dimension what 
it loses in another, so that its general capacity re- 
tains nearly uniform throughout each class. But 
an extensive series of observaiions published by 
Professor Tiedemann, in the Philosophical Transac- 
tions for 1836, leads to very different conclusions. 
Thus, the capacities of the negro’ crania which he 
measured varied from 31 to 42 ounces; of the Ger- 
man, from 32 to 45; of the English, from 38 to 45. 
My own observations accord with those of Tiedemann. 
I gauged by his method two French, two Chinese, and 


two Scythian skulls (all of male adults), with the 
following results. 


Weight of skull with- Weight of millet 
out lower jaw. seed contained. 
lbs. oz. drs. (ayoirdupois) oz. drs. 
1 1 LOY 42 8 
French { 
2 ] ya 31 9 
43 1 2 Fi ta! 37 4 
Chi { 
SEAS KDA at 4 
: 1 2 § 4 34 0 
h 
pert ian { F te Berger 35 12 


(N. B. The two French skulls were the largest and 
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smallest among 73; with the Chinese and Scythian, 
I hadno opportunity of selection. Hence the greater 
discrepancy between the capacities of the former.) 

The thickness of the walls of the cranium varies in 
different skulls and in different parts of the same. 
Wherever there is a ridge or protuberance, it is 
greatly increased; while at the bottom of the 
fosse it is often so much reduced that the bone 
becomes semitransparent. The texture and consist- 
ence of the bone itself likewise vary in different 
skulls. Inthe Negro it is generally very dense, hard, 
and white; so that on a section, it resembles ivory 
rather than bone. Jam informed by adealer in 
human bones, that the skulls of the Belgians, besides 
being misshapen and ill developed, are of a soft and 
oily consistence. The crania of barbarous nations 
appear to be in general harder, thicker, and heavier, 
than those of Europeans. My limits will not allow 
me to pursue this subject further. In Mayo’s 
Physiology the student will find a clear and masterly 
sketch of the national peculiarities of the cranium: 
and for original investigations on the subject he 
may consult the works of Daubenton, Cuvier, Blu- 
menbach, Lawrence, Prichard, Owen, &c. The de- 
velopment of the cranium usually bears an inverse pro- 
portion to that of the face ; the subject of its compara- 
tive mensuration will therefore be treated, when that 
division of the head has been described, and the en- 
tire skull comes under review. The cranium pre- 
sents for examination an exterior and an znterio7 sur- 
face, each of which is divided, for convenience of 
demonstration, into regions. 

64. (bis.) EXTERIOR SURFACE OF THE CRANIUM, 
This is leosely divided into the stnctped¢ in front, the 
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occiput behind, the bregma at top, the base below, and 

the temples on eachside. But for accurate descrip- 
tion it is divided into four definite regions; a supe- 
rior, an inferier, and two lateral. In considering 
these regions we shall merely recapitulate such points 
as have already been pointed out in the description 
of the separate bones; examining more in detail 
the objects that result from their union. 

65. SUPERIOR REGION. Bounded in front by the 
nasal eminences, and the supra-orbitar arches; 
behind by the exterior tuberosity, and superior curved 
lines, of the occipital bones ; intermediately by a line 
carried from the outer end of the superior curved line 
of the occipital along the temporal ridge of the parietal 
and frontal bones, to the external angular process of 
the frontal. This region is oval, smooth, traversed by 
three sutures, the sagittal in the middle, the lambdoz- 
dal behind, and the chief part of the curonal in front. 
It presents, from behind forward, Ist, the smooth 
upper part of the occipital bone; 2dly, the even 
vault of the parietal bones, marked, behind, by the 
parietal holes, anteriorly and externally, by the parie- 
tal protuberances; 3dly, the vertical portion of the 
Jrontal, on which are seen the frontal eminences sur- 
mounting the supra-ciliary arches, The fiat ten- 
dinous expansion of a muscleo covers, and plays 
over, this region. 

.66. LATERAL Recions. Bounded, above, by a lire 
beginning at the external angular process of the 
frontal, passing along the temporal ridge, and con- 
tinued back to the exterior occipital tuberosity ; 
below, by a line.commencing also at the external an- 


o Occipito frontalis, 
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gular process, and passing along the zygomatic arch 
to the mastoid process, and thence to the occipital 
tuberosity. Ending thus ina point before and behind. 
and bounded by a curve above and below, this region 
is of an irregularly elliptical form. It istraversed by 
the spheno-parietal, masto-partetal, and sqwamous 
sutures ; and by part of the coronal, sphenoidal, mas- 
toid, and lambdoid sutures. It is concave in front, 
convex behind; and divided intoan anterior larger, and 
a posterior smaller portion. The former is the cranial 
portion of the temporal fossa. This space is bounded 
in front, above, and behind, by the temporal ridge; 
a line that begins at the external angular process, 
passes upward and backward over the frontal and 
parietal, and then curves downward over the tem- 
poral, to terminate at the root of the zygomatic pro= 
cess. Below, the temporal is separated from the 
zygomatic fossa by a horizontal crest on the outer 
surface of the great wing of the sphenoid. (This will 
be further explained when we speak of the cranio- 
facial fosse.) The large space thus circumscribed 
is convex posteriorly, concave in front, and traversed 
all over by the impressions of arteries.p It gives 
origin to a large muscle, qg whose fascia is attached 
to the temporal ridge, The posterior smaller por- 
tion of the lateral region is convex, and presents, 
from behind forward, Ist, the mastoid hole ; 2dly, the 
outer surface of the mastoid process ; 3dly, the meatus 
auditorius externus. 

67. INFERIOR REGION, or BAsE. 7 Bounded, behind, 


p Deep temporal. q Temporal. 
r In studying this aspect, the student should bear 
in mind that the cranium is turned upside down, so 
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by the external occipital tuberosity, and superior 
- Semicircular ridges; in Sront, by the nasal eminences 
and supra-orbitar arches; daterally, by a line ex- 
tending from the external angular process to the 
zygomatic process, thence to the mastoid process, 
and thence to the outer end of the superior semicir- 
eular ridge. Oval, uneven, convex, 7 articulated in 
front with the bones of the face, in the middle 
with the summit of the spine, and free in the rest 
of its extent, this surface presents, from behind for- 
ward, the following objects. The exterior occipital 
tuberosity, with the exterior occipital crest passing 
downward and forward from it. From the tuberosity 
pass outward the superior curved lines; from the 
middle of the crest, the inyertor curved lines. The 
tuberosity gives attachment to a ligament, s the 
superior curved line to three muscles, ¢ the inferior 
curved line to two muscles. ~ Between the curved 
lines is a surface marked with the rough impressions 


a ee Red eae 


that when any point is described as above another, he 
must, on account of the inverted position of theskull, 
look for it below. A similar caution is necessary in 
tracing on the lower surface of any bone, the points 
described in books. 

ry This character is important, as indicating a great 
downward development of the brain. In the chim- 
panzee and oran-otang the basis of the cranium is 
nearly flat. 

s Ligamentum nuche. 

t Occipito-frontalis, trapezius, sterno-mastoideus. 

u Rectus capitis posticus major, and obliquus cus 
perior, 
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of two muscles, » and in front of the lower curved 
line is a rough surface, which also attaches a muscle. zw 
In front of the occipital crest appears the occipital 
hole, or foramen magnum, which transmits several 
important organs, « and is bounded on each side by 
the condyles (which give attachment internaily to 
ligaments y), and by the anterior and posterior con- 
dyloid fosse, which receive the articulating processes 
of the atlas in extension and flexion of the head, and 
are perforated by the foramina of the same name. z 
External to the condyle is an uneven surface for the 
insertion of a muscle ; @ external to this is seen the 
jugular process of the occipital, articulating with the 
petrous portion of the temporal ; and external again 
to this appear the lower extremity, and the digastric 
groove, of the mastoid process, each of which gives 
attachment to a muscle. 6 In front of the occipital 
hole is the basilar sunface, presenting in the middle the 
pharyngeal spine, and on each side depressions for 
muscular insertion.c Anterior and internal to the 
mastoid process is the stylo-mastoid foramen, which 


v Complexus, and splenius capitis. 

w Rectus capitis posticus miner. 

wx Spinal chord, with its envelopes, vertebral ar- 
teries, and spinal accessory nerves. 

y Odontoid. 

z The anterior transmitting the ninth nerve, and 
the posterior a small vein. 

a Rectus capitis lateralis. 

6 The former to the sterno- mastoid, the latter to 
the digastric. 

e Recti capitis antici, majores and minores. 
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transmits a nerve; e in front of that the styloid f and 
vaginal processes; anterior and external tothese again, 
the glenoid cavity, with its Glasserian Jissure. f Beo 
tween the mastoid process and glenoid cavity exter- 
nally, and the basilar process internally, is seen the 
inferior surface of the petrous portion of the temporal 
bone, presenting (besides the styloid and vaginal pro- 
cesses, and the stylo-mastoid Joramen, already men- 
tioned) the following objects: the Jugular fossa, g a 
deep cavity, completed internally and posteriorly by 
the occipital bone, and generally larger on the right 
side than on the left.A At the bottom of this fossa 
there is an irregular aperture, called the foramen lace- 
rum posterius, divided by alittle process (sometimes of 
the occipital, usually of the temporal bone) into two 
parts ; an anterior, smaller, which transmits several 
nerves ;7 a posterior, larger, which transmits a large 
vein, 7 and a small artery.k In front of this fossa 
appear the lower orifices of the carotid canal, andthe 
aqueductus cochlee. In front of these is seen a 
rough quadrilateral surface, for the attachment of 


é Facial. 

J For the relations of the styloid process, see § 60, 
and for those of the Glasserian fissure, see § 146. 

& It lodges the commencenient of the internal 
jugular vein. 

h I examined the size of the jugular fosse in 105 
adult male Caucasian skulls. In }2 they were of 
equal size; in 15 the left was larger than the right ; 
in the remainder (78) the right was larger than theleft, 

t Glosso-pharyngeal, pheumogastric, and spinal 
accessory. 

J Internal jugular. k Posterior meningeal, 

F 2 
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two muscles. Internal and anterior to this surface 
occurs an irregular and somewhat triangular aper- 
ture, called the foramen lacerum medium : its apex is 
directed backward ; its anterior margin presents the 
posterior orifice of the pterygoid, or vidian canal; 
and its posterior margin presents the anterior orifice 
of the carotid canal. It is closed in the recent state 
by a fibro-cartilaginous substance, and does not give 
passage to any organ. m It is formed in front by the 
great wing of the sphenoid, behind by the summit of 
the petrous process, and internally by the body of 
the sphenoid and the basilar process of the occipital. 
When the mastoid, basilar, petro-occipital, and petro- 
sphenoidal sutures (63) are mentioned, the description 
of the posterior half of the base of the cranium 
is finished. ‘The remaining portion is articulated 
with the bones of the face, and can only be studied 
in a skull from which they have been removed. 

Tn front of the basilar. process is the body of the 
sphenoid, with the rostrum in the middle, and the 
lamine on each side. Between these lamine and 
the rostrum appears a part of the sphenoidal turbi- 
nated bones. These have been already described (35) 
as thin curved triangular plates, having a vertical 
portion which is situated between the sphenoid and 
ethmoid bones, and separates the sphenoidal sinuses 
from the ethmoid cells, and a horizontal portion, which 
forms part of the floor of the sphenoidal sinuses: it 
is this latter part which appears on the base of the 


! Levator palati mollis, and tensor tympani. 

m The vidian nerve and the carotid artery enter 
the cranium at the margins of this orifice ; but nothing 
passes directly through it. 


CRANIUM IN GENERAL, 69 


cranium. External to the body descends the ptery- 
goid process of the sphenoid, perforated at the base 
by the vidian canal, ~ bifurcated at the extremity to 
receive the tuberosity of the palate bone, and divided 
behind by the pterygoid fossa o into two plates, the 
inner of which presents the scaphoid depression p at 
its base, and the hamular process (o) at its extremity. 
Near the base of the pterygoid process, in front, 
appears the anterior orifice of the short canal, called 
JSoramen rotundum, q situated superior and external to 
the anterior orifice of the vidian canal. External to 
the pterygoid process is that portion of the exterior 
aspect of the great wing of the sphenoid, which belongs 
to the zygomatic fossa, separated by a ridge from the 
portion which belongs to the zemporal fossa, and pre- 
senting from behind forward ; Ist, the spinous processr 
of the sphenoid; 2dly, anterior and internal to this, 
the foramen spinosum ;s 3dly, anterior and internal 
to this again, the foramen ovale.t Internal to the 


n Which transmits the vidian nerve. 

o Which lodges the internal pterygoid muscle. 

p The circumfiexus palate arises from the sca- 
phoid depression, and its tendon turns round the 
hamular process. 

q Transmits the second branch of the fifth. 

r This process is very irregular in size and shape; 
it is often bifurcated, and I have not unfrequently 
seen it connected by a branch of bone with the exter- 
nal plate of the pterygoid process. It attaches the 
internal lateral ligament of the jaw, and the laxator 
tympani major muscle. 

s Which transmits the middle meningeal artery. 

t Which transmits the third division of the fifth 
nerve. 
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spine of the sphenoid is seen the orifice of the bony 
portion of the Lustachian tube ; on its outer side ap- 
pears the lower part of the squamous suture ; and 
external to this again is the zygomatic process, rising 
in front of the glenoid cavity, and presenting, at its 
base, arough tubercle which attaches a ligament, w at 
its extremity, avi oblique border which articulates with 
the malar bone. Returning to the median line, we 
find, in front of the body of the sphenoid, the inferior 
aspect of the ethmoid bone, presenting in the middle 
the vertical plate, aud on each side the lateral mass. 
Between the vertical plate and the lateral mass, on 
each side, there is a deep groove, which contributes 
in the united skull to the nasal fossa. These 
grooves are open in front, closed behind by the an- 
terior wall of the sphenoidal sinuses, and separated 
from the cavity of the cranium by the horizontal or 
cribriform plate of the ethmoid. They present the 
turbinated bones of the ethmoid ; the superior and 
middle meatus of the nose; the olfactory foramina ; 
the apertures of the anterior and posterior ethmoid 
cells; and, generally, those of the sphenoidal sinuses.v 
The relations of these parts will be explained in the 
description of the nasal fossee. (135) External to these 
grooves are seen the lower aspects of the lateral 
masses of the ethmoid, marked with some half cells, 
which are completed, in the united skull, by the supe- 
rior maxillary, palate, and lachrymal bones. Behind 
the ethmoid we have a partial view of the sphenoidal 
turbinated bones, interposed between the sphenoid and 


wu The external lateral of the jaw. 

vw These sinuses are usually said to open into the 
posterior ethmoid cells; a communication which I] 
have never seen, and believe to be very rare. 
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ethmoid; and of the junction of the vertical plate 
_of the ethmoid with the septum of the sphenoidal 
sinuses. In front of the ethmoid are seen the nasal 
notch, and the nasal spine, of the frontal. On each 
side of the ethmoid appear the orbitar vaults, two 
smooth, concave surfaces, formed in front by the 
orbitar plates of the frontal, and behind by a small 
part of the under surface of the lesser wings of the 
sphenoid. They are triangularin form, and present 
at the apex, which is directed backward, the foramen 
opticum. The base, directed forward, is formed by 
the swpra-orbitar arch, interrupted at the junction of 
its inner and middle thirds by the superciliary notch,w 
and ending in the external and internal angular pro- 
cesses. Behind the former of these processes lies the _ 
lachrymal fossa ;x behind (and about three lines 
above) the latter is a little inequality for a tendinous 
pulley.y The orbitar vault is bounded externally 
by the orbitar plate of the sphenoid, which con- 
tributes to the outer wall of the orbit; internally 
by the orbitar plate of the ethmoid, which forms 
part of its inner wall. In the suture between the 
orbitar plate of the ethmoid, and the frontal, are seen 


w In foetal skulls this notch constantly presents the 
orifice of a canal, which transmits nutrient vessels 
upward into the substance of the frontal bone. It 
is often of considerable size, sometimes double. It 
generally remains pervious in the adult, and may be 
called the supra-ciliary canal. Of 105 adult skulls, I 
found it present in 72. 

az Which lodges the lachrymal gland. 

y For the tendon of the obliquus superior oculi. 
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the apertures of the internal orbitar canals ; z in the 
orbitar plate of the sphenoid, and in the suture 
between the frontal and malar, are the small fora- 
mina, called the external orbitar holes ; a their num- 
ber is uncerain, and they are often altogether 
deficient. Lastly, between this plate and the lesser 
wing of the sphenoid, is the triangular interval called 
the sphenoidal fissure. b 

68. INTERIOR SURFACE OF TAE CRANIUM. This sur- 
face is divided by a line passing round from the fora- 
men cecum to the interior occipital protuberance, in- 
to two regions, the vault, and the base. 

69. VAULT. A smooth concave surface, marked all 
over with cerebral and arterial ¢ impressions, tra- 
versed in the median line by the longitudinal sulcus, 
a smooth furrow which rises behind from the interior | 
occipital protuberance, becomes narrower as it passes 
forward, and terminates in the frontal crest; a sharp 
raphe which descends, diminishing in prominence, to 
disappear just above the foramen czecum. In this 
channel is seen the inter-parietal or sagittal suture, and 


z The anterior, transmitting the nasal twig of the 
ophthalmic division of the fifth ; the posterior, asmall 
vessel. 

a That which is formed in the orbitar plate gives 
passage to a small artery which supplies the lachry- 
mal gland; the other transmits a filament of the 
malar nerve from the orbit to the temporal fossa. 

b For the transmission of the third, fourth, and 
sixth nerves; the ophthalmic, or first division of the 
5th; and a small vein. 

c Formed by the middle Aone artery. 
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on each side of it several Pacchionian depressions; d 
here also, when they exist, appear the purietul holes. e 
Laterally we observe in the vault, passing from be- 
hind forward, the cerebral foss@ of the occiput, the 
occipito-parietal or lumbdoid suture, the parietal fosse, 
the fronio-parietal, or coronal suture, and the frontal 
OSS « 

70. Base. Consists of three fosse ; an anterior, 
lying in front of the lesser wings of the sphenoid; a 
posterior, lying behind the upper edges of the petrous 
processes; and a middle, which occupies the inter- 
vening space. These fosse are on different levels, 
rising successively like a flight of steps, from the 
posterior to the anterior. The anterior and pos- 
terior fosse are widest in the median line ; the middle 
fossa, on the contrary, is narrow in the median line, 
and expands on each side. The anterior fossa is 
convex; the two others are deeply concave. Pos- 
TERIOR Fossa. Formed chiefly by the occipital and 
temporal bones, and traversed by the mastoid and 
petro-occipital sutures. It presents, at its posterior 
part, the cerebellar fosse of the occiput, separated 
from each other by the interior occipital crest, f and 
surmounted by the sulci laterales or transversales, 
which pass horizontally outward, one on each side, 
from the interior occipital protuberance, then curving 
downward, groove successively the posterior inferior 
angle of the parietal, the mastoid portion of the tem- 
poral, and the occipital, just behind its jugular pro- 
cess; terminating at the posterior division of the 


d For the Pacchionian bodies. 
e For the transmission of small veins. 
St Which attaches the falx minor of the dura mater. 
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Soramen lacerum posterius. In this channel are seem. 
the interior openings of the mastoid g and posterior 
condyloid kh holes. This channel, and the hole in 
which it terminates, are usually larger on the right 
side than on theleft. In front of the cerebellar fosse 
is the foramen magnum, in the sides of which open 
the anterior condyloid foramina or canals. In 
front of the foramen magnum is the bustlar process, 
hollowed by the basilar groove, interrupted in the 
child by the basilar suture, and forming, by junction 
with the petrous process on each side, the petro- 
occipital suture ; a suture, the posterior half of which 
is interrupted by the foramen lacerum posterius; h 
while its anterior half is marked by the ¢nferior 
petrosal groove. This channel belongs partly to the 
basilar process of the occipital, partly to the petrous 
portion of the temporal; it transmits a sinus of the 
same name. Above the foramen lacerum poste-. 
rius, on the posterior surface of the petrous por- 
tion, is the orifice of the meatus auditorius inter- 
nus;t behind and above which again is a little tri- 
angular depression, which gives insertion to a fold of 
dura mater, and transmits a minute vein into the 
cancellous tissue of the bone; while behind and be-. 
low it is the narrow orifice of the aguweductus vesti- 
bult. k 


g For the transmission of small veins. 

h The posterior division of this hole transmits. 
the internal jugular vein, the anterior and smaller. 
division transmits the glosso-pharyngeal, pneumo- 
gastric, and spinal accessory nerves, 

2 Transmits the facial and auditory nerves. 

k Transmits a minute vein. 
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The line which separates the posterior from the 
middle fossa, is formed on each side by the upper 
border of the petrous portion, which presents exter- 
nally the superior petrosal groove, and internally the 
semi-lunar depression on which a nervem rests; in 
the middle the boundary line coincides with the 
basilar suture. 

Mivp.e Fossa. Formed chiefly by the sphenoid 
and temporal bones, with a small part of the parietal ; 
traversed by the squamous, spheno-parietal, spheno- 
temporal, and petro-sphenoidal sutures. Narrow in 
the middle, where it consists only of the sella turcica, n 
and dilating on each side into a large concave sur- 
face, which is formed, behind by the anterior surface 
of the petrous portion, externally by the squamous 
portion, and by part of the parietal, in frovt by the 
greater wing of the sphenoid. In the median line 
this fossa presents from behind forward, first, the 
square plate which bounds the sella turcica behind, 
and supports the posterior clinoid processes ; secondly, 
the sella turcica or pituitary fossa itself ; thirdly, the 
olivary tubercle ; and fourthly, the optic groove,o 
terminating at each end in the opéic foramen.p On 
each side of the sella turcica is seen the cavernous 
groove; q awide shallow channel, horizontal in the 
middle, bending down posteriorly to terminate in the 
foramen lacerum medium, and curving upward in front, 


m The trifacial. 

n Which lodges the pituitary body. 

o Lodges the optic commissure. 

p Transmits the optic nerve. 

q Lodges the cavernous sinus and the internal 
carotid artery. 


76 CHANIUM IN GENERAL. 


beneath the anterior clinoid process (which sometimes 
converts it at this point into a hole). Further outward 
appears, on each side, a deep fossa, wider externally 
than internally, sometimes called the lateral fossa of 
the middle region, and destined to support the mid- 
dle lobes of the brain. This fossa presents poste- 
riorly the eminence. formed by the superior semi- 
circular canal; anterior and internal to this the 
hiatus Fallopit, r with the groove (sometimes double) 
which leads from that orifice to the foramen lacerum 
medium ; anterior and internal to this the foramen 
spinosum;s anterior and internal to this, the jora- 
men ovale; ¢ anterior and internal to this the fora- 
men rotundum; u and finally, in front of this, the 
sphencidal fissure; v formed below by the greater 
and above by the lesser wing of the sphenoid; and 
completed internally by the side of the body of the 
sphenoid, externally by the orbitar plate of the fron- 
tal. Between the foramina ovale and rotundum, 
there are generally one or two small apertures, vary- 
ing in size in different individuals, and frequently 
in the same individual on opposite sides. They are 
the upper orifices of little canals, which open below 
in the pterygoid fossa, just external to the scaphoid 
depression. The largest and most constant of them 


ry Transmits the cranial branch of the vidian, and 
the little artery that accompanies it. 

s For the middle meningeal artery. 

t For the third division of the 5th nerve. 

uw For the second division of the 5th nerve. 

v Transmits the 3rd, 4th, and 6th nerves; the first 
division of the 5th, and a small vein, give the 
arrangement. 
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is called the foramen Vesalii , it transmits a little 
vein, oneof the emissary veins of Santorini. They 
generally disappear in old skulls; and are probably 
connected (like the holes in the sella turcica) with 
the nutrition of the bone. This surface is marked 
with cerebral impressions, and with an arterial 
channel, which begins at the foramen spinosum, 
runs outward a little way, and divides into two 
branches; a posterior that ramifies upward and 
backward ; an an/erior and Jarger that runs upward 
and forward to the anterior inferior angle of the 
parietal, in which it forms a deep groove, frequently 
a perfect canal, afterwards dividing into numerous 
ramifications on the interior surface of that bone. 

The line which separates the middle from the an- 
terior fossa, is formed in the centre by the anterior 
margin of the optic groove; on each side by the pus- 
terior edge of the lesser wing of the sphenoid, and 
by the anterior clinoid process, x into which the inner 
extremity of the lesser wing is prolonged. 

ANTERIOR Fossa. Formed by the horizontal plate 
of the frontal, by the cribriform plate of the ethmoid, 
and by the ethmoidal process, and lesser wing, of the 
sphenoid. Traversed by the ethmoidal, and by part 
of the sphenoidal suture, and widest in the median 
line, where it presents from behind forward, first, an 
inconsiderable eminence separating two slight longi- 
tudinal] furrows (often nearly imperceptible), which 
are designed for the reception of a pair of nerves; y 


x The clinoid processes attach the folds of dura 
mater which form the cavernous sinuses. 
y Ist, or olfactory. 
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secondly, the crista galli; z thirdly, the foramen 
cecum, a canal formed between the frontal bone and 
the crista galli of the ethmoid, and communicating, 
according to Bertin and Cloquet, with the anterior 
cells of the ethmoidal notch. It generally transmits a 
small vein. (Ihave a skull in whichit runs forward for 
three eighths of an inch, between the plates of the 
septum of the frontal sinuses ; and another in which 
it runs downward and to the left side, for about one 
eighth of an inch, and then terminates in a cul de 
sac. Mr. Lee, student in King’s College, London, 
has a skull in which it descends in the substance of 
the right nasal bene, and opens on the middle of its 
anterior surface. Very often it descends directly 
into the nose. The crista galli seldom does more 
than complete its upper orifice ; and sometimes it is 
formed entirely in the frontal bone. It is often par- 
tially or completely impervious, especially in the 
skulls of old persons ; and even when fully developed 
its course and termination vary in different indi- 
viduals. The contradictory accounts given of it by 
different anatomists, have doubtless arisen from this 
variability.) On each side of the crista galli is seen 
the olfactory groove, formed by the cribriform plate 
of the ethmoid bone, perforated all over by little 
holes, a and in front by asmall fissure; b inits external 
margin are seen the orifices of the internal orbitar 


z Attaches the falx major. (I have seen a skull 
in which this process is unusually large, and hol- 
lowed by a sinus communicating with the right 
frontal sinus.) 

a Transmit the filaments of the olfactory nerves. 

6 Transmits the nasal twig of the ophthalmic. 
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foramina. ‘The anterior of these orifices occurs near 
the middle of this margin, and is usually connected 
with the fissure just mentioned by a little groove, 
which lodges the nerve that they both transmit.c The 
posterior (which transmits a small vein) communi- 
cates below with the cavity of the nose, and opens 
also into the cranium, at the hinder extremity of the 
cribriform plate, where it is overarched by a little 
projecting lamina of the sphenoid. Laterally the 
anterior fossa presents a convex surface, correspond- 
ing to the roof of the orbit, and marked with cerebral 
and arterial impressions. 

71. The cavity, which is encompassed by the sur- 
face that has just been described, is of an ovoid form, 
smaller before than behind, and continuous below 
with the vertebral canal; of which it may be cone 
sidered the enlarged extremity. Of its use we shall 
speak in reviewing the entire skull. 


OF THE FACIAL BONES. 


72. Of the fourteen facial bones two are single and 
median, viz. the inferior maxillary, and the vomer: 
twelve lateral] and in pairs, viz.twosupertor maxillary, 
two maiar, two nasal, two palate, two inferior turhi- 
nated, andtwo lachrymal bones. «Of these six pairs the 
four first are most considerable in size and impor- 
tance ; the two latter being small appendages within 
the nasaland orbitar fosse. All these bones areunited 
by suture, with each other and with the cranium, 
except the lower jaw, which moves upon a hinge- 
joint. The face is frequently divided into upper 
jaw, consisting of thirteen bones ; and lower jaw, con- 


c Nasal twig of ophthalmic. 
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sisting of one bone. This division, however, is too 
unequal to assist the memory ; nor can such bones as 
the vomer, the lachrymal bone, the cheek-bone, &c., be 
included under the common designation upper jaw, 
without a latitude of expression almost amounting to 
inaccuracy. 

73. After the description of the facial bones, that 
of the thirty-two ¢eeth, and of the hyoid bone, may be 
conveniently, and perhaps not altogether unnaturally 
introduced ; as the former, though differing from 
bone in structure and mode of growth, are yet directly 
inserted into the maxillary bones ; while the latter, 
though strictly speaking a solitary bone, is connected 
by proximity, and by the intervention of several 
muscles and ligaments, with the lower jaw. 


OF THE SUPERIOR MAXILLARY BONES. 


74. A pair of large irregular bones, occupying the 
middle and anterior part of the face, and presenting 
for examination two aspects, an external and an in- 
ternal; a circumference which separates these aspects ; 
and four processes, one belonging to each aspect, the 
remaining two to the circumference. 

75, EXTERNAL AspEcT. That part of the bone 
which can be seen without separating it from its 
neighbours. It presents in the centre the malar pro- 
cess, which, as it divides this aspect into three parts, 
will be described first. MMALAR Proczss. A rough 
triangular eminence, directed upward and outward, 
articulated above with the malar bone, hollowed be- 
hind where it forms part of the temporal fossa, more | 
slightly. concave in front where it forms part of the 
canine fossa, most prominent below where it gives 
rise to a blunt ridge which passes vertically to the 
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lower border of the bone, becoming less prominent 
as it descends. That part of the external aspect 
which lies in front of this ridge is the facial surface ; 
the part which lies behindit is the zygomatic surface : 
while the remaining part, which lies superior and 
internal to the malar process, is the orbitar surface. 
We shall begin with the OrBirar SuRFACE. Smuoth, 
irregularly quadrilateral, and directed upward, out- 
ward, and forward. Bounded internally by a thin 
uneven margin, which articulates with three bones; 
in front, by a notch sometimes called the incisura 
lachrymalis, with the lachrymal bone; in the middle 
with the ethmoid; behind with the palate bone. 
Bounded externally by the malar process; anteriorly 
by a short rounded edge, which forms part of the cir- 
cumference of the orbit; posteriorly by a rounded 
edge, which contributes to form the spheno-maxillary 
fissure, and whichsometimes, atits anteriorextremity, 
articulates with the orbitar plate of the sphenoid.(83) 
This surface is marked by a channel which com- 
mences at the middle of the posterior border, and 
passes forward and downward, gradually deepening 
till it becomes a canal, which divides into two 
branches ; an anterior called the infru-orbitar canal, 
which is wider and shorter, pursues the original direc- 
tion of the groove, and opens at the ¢nfra-orlitar 
hole; d a posterior which is longer and smaller, and 
descends in the anterior wall of the maxillary sinus, 
under the name of the anterior dentar canal. e 
Facts Surrace. Looks forward and outward, and 
presents two depressions; first, the canine fossu, large 


d Trausmits the infra-orbitar vessels and nerve. 
e Transmits the anterior dental vessels and nerves. 
G 
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and deep, situated just below the orbit, perforated at 
its upper part by the ¢zfra-orbitar hole, and present- 
ing, above and below that opening, rough impressions 
for the attachment of muscles; g secondly, the myrti- 
form or incisive fossa, smaller and less distinct, situ- 
ated above the incisor teeth, and separated from the 
other by a vertical ridge (the canine eminence) 
caused by the socket of the canine tooth. (79) This 
fossa gives origin to a muscle.hk ZyGomatic SuR- 
FACE. Looks backwards and outward; presents at 
its lower part a rounded eminence, more prominent 
before than after the growth of the wisdom tooth, 
and called the mazillary tuberosity.t About the . 
middie of this surface appear the apertures, two or 
three in number, of the posterior dentar canals; k and 
at the inner and lower part there are some inequal- 
ities which articulate with the tuberosity of the 
palate bone, (89) and sometimes (but very rarely) 
with the pterygoid process of the sphenoid. 

76. INTERNAL AsPpEcT. Divided by the palatine pro- 
cess into two portions of unequal size, the superior 
and larger belonging to the cavity of the nose, the in- 
ferior and smaller to that of the mouth. This divi- 
sion, however, is not perfect, for the palatine process 
is deficient behind, so as to allow a communication 


g The upper gives origin to the levator labii supe- 
rioris ; the lower to the levator labii superioris aleeque 
nasi. 

A Depressor labii superioris aleque nasi. 

i This name is sometimes applied to the whole of 
the zygomatic suriace. 

k Transmit, the posterior dental vessels and | 
nerves. 
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between the two portions. We shall hereafter find 
that the deficiency is supplied, and the separation 
completed, by the palate bone. 

77. PALATINE Process. A strong plate of bone, 
projecting horizontally inward from the internal 
surface of the bone, thicker before than behind, 
forming the floor of the nose, and the roof of the 
mouth, and presenting for examination two surfaces 
and four borders. SurRFAces. Superior. Smooth, 
evel from before backward, concave from side to side, 
and perforated in front by a canal, which descends 
forward and inward, and joins the similar canal of the 
opposite side to form the anterior palatine or incisive 
canal, o (only seen when the bones are united). Jn- 
ferior. Rough, concave from back to front, perforated 
with many little apertures for nutrient vessels, and 
marked with a longitudinal furrow (in some skulls in- 
distinct, in others very deep, sometimes covered bya 
bony arch which converts it into a complete canal, 
sometimes double) for the transmission of vessels and 
nerves.p It presents anteriorly when joined with 
the opposite bone the palatine Joramen, which is the 
lower orifice of the anterior palatine canal above 
mentioned. Borpers. Outer. Continuous with the 
rest of the bone. Jnner. Rough, vertical, thicker 
before than behind; surmounted by a ridge, which, 
with the corresponding crest of the Opposite bone, 
forms a groove for the reception of the yomer ; and 
marked at its anterior inferior part by a groove which 
contributes to form the anterior palatine canal. An- 
aa ee ae eee 

o Transmits the anterior palatine vessels and 
nerves, and lodges the naso- palatine ganglion. 

p Posterior palatine. 
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terior. Short, thin, smooth, curved; forming part 
of the anterior orifice of the nasal fossee; and pro- 
longed forward, internally, into an acute angle, 
which unites with the opposite to form the anterior 
nasal spine. Posterior. Short, denticulated, bevilled 
at the expense of the upper surface, and articulated 
with the palatine plate of the palate bone. 

78. INTERNAL ASPECT. Superior or Nasal division. 
Broad and vertical, forming the outer boundary of 
the nasal fossa, and the inner wall of a large triangu- 
lar chamber, which excavates the body of the maxil- 
lary bone, and opens near the middle of the internal 
aspect.- This cavity, which is called the mazillary 
sinus, or antrum of Highmore, is bounded above by 
the orbitar plate; below by the base of the alveolar 
process ; in front by the facial surface; and behind 
by the zygomatic surface. Its apex, directed outward, 
is formed by the malar process ; and its base, directed 
inward, by the outer wall of the nose. Like the 
frontal, sphenoidal, and other sinuses of the cranium, 
it is often subdivided by little projecting lamine ; its 
roof is traversed by the infra-orbitar canal, and its 
outer wall by the posterior dentar canals, which, 
commencing above and behind, near the centre of 
the zygomatic surface, sweep round it downward and 
forward, sometimes to open on the facial surface, or 
in the cavity of the antrum, or in the alveoli of the 
teeth ; sometimes to be lost in the cellular tissue; 
sometimes to degenerate into grooves, which run a 
little way on the wall of the antrum, and then dis- 


appear. They transmit vessels and nerves (of the | 


same name) to the teeth. The ficor of the antrum 
is frequently pushed up, sometimes even perforated, 
by the fangs of the teeth. Its inner wall is perfo- 
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rated, near the middle, by a large irregularly shaped 
aperture, through which it communicates with the 
nasal fosse. The margin of this aperture is thin and 
ragged; in the united skull it is overlapped, above 
by the ethmoid, below by the inferior turbinated, be- 
hind by the palate bone. It is sometimesdouble. I 
have seen two skulls in which it is traversed by several 
little tongues of bone, which give it a cribriform ap- 
pearance. Above this aperture are several half 
cells completed by the ethmoid ; below it isa smocth 
concave surfuce, belonging to the inferior meatus of 
the nose, and traversed by a fissure, which runs from 
the orifice of the antrum obliquely downward and 
backward, to receive the mavillary process of the 
palate bone; (89) behind it is an uneven surface 
which articulates with the vertical plate of the palate 
bone. This last surface is traversed by agroove which 
commences at the middle of the posterior border, 
runs obliquely downward and forward, and con- 
tributes to form the posterior palatine canal.q In 
front of the orifice of the antrum is a deep groove, 
sometimes converted into a canal by a lamina of’ 
bone, directed upward and forward, and forming part 
of the zaso-lachrymal canal. (135) In front of his 
goove is a nearly horizontal ridge, which articulates 
with the inferior turbinated bone, and is called the 
inferior turbinated crest. Above this crest is the in- 
ternal surface of the nasal process; which will be 
presently described. Below it is a smooth surface, 
concave from above downward, and belonging to the 


q Transmits the posterior palatine vessels and 
nerves. 
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inferior meatus of the nose, Inferior or Oral divi- 
sion. Small, uneven, concave, marked with: little 
furrows and apertures for nutrient vessels. 

79. The CIRCUMFERENCE, or line of separation be- 
tween these aspects, presents below, the alveolar pro- 
cess, a curved eminence, thicker behind than before, 
hollowed by eight deep conical cavities (called alveolz) 
for the insertion of the teeth, and marked internally 
and externally by a series of alternate eminences and 
depressions, which correspond to the alveoli, and to 
the intervals betweenthem. Thealveoli vary in size 
and form according to the teeth they respectively 
contain. Those of the incisors are deep, narrow, and 
single; those of the grinders are wide, and subdivi- 
ded into minor cavities corresponding to the fangs of 
the teeth; those of the superior canine, or eye-teeth, 
are the deepest and most prominent externally, where 
they form, on each side, a vertical ridge called the 
canine eminence, that separates the infra-orbitar from 
the myrtiform fossa. Anteriorly the circumference 
presents, first, a deeply concave edge, which is called 
the nasal notch of the upper maxillary, and contributes 
to form the anterior aperture of the nasal fosse ; below 
this, an eminence which forms half of the anterior 
nasal spine; and below this again, a short vertical 
border which unites with that of the opposite bone. 
Posteriorly, the circumference is indicated by the maz- 
allary tuberosity. Above, it is formed by the inner 
border of the orbitar plate, and in front of that by 


the ASCENDING or NASAL PRocEss. This is a stout 


triangular eminence, directed upward, inward, and 
backward ; smooth, concave, and marked with vas- 


cular apertures, on its external surface, where it — 
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gives attachment to muscles;7 less even within, 
. where it presents, at its upper part, some rugosities 

(occasionally a little half-cell), covered by a-plate 
of the ethmoid; below these a horizontal crest, 
which articulates with the middle turbinated bone, 
and is called the m¢ddle turbinated crest of the upper 
maxillary ; and below this again a horizontal shal- 
low groove, marked with arterial furrows, and be- 
longing to the middle meatus of the nose. This 
groove is bounded below by the inferior turbinated 
crest of the upper maxillary (a horizontal ridge 
which marks the line of junction between the nasal 
process and the rest of the bone). Such are the 
surfaces of the nasal process; its swmmit presents 
denticulations which join the internal angular pro- 
cess of the frontal; its anterior border is thin, and 
bevilled at the expense of the inner surface above, 
of the outer surface below, to articulate with the nasal 
bone; its posterior border is very thick, and divided 
by a groove into two edges, of which the cnternatl 
(also posterior) articulates with the lachrymal bone 3 
the external (also anzerivr) is free, and forms part of 
the circumference of the orbit ; while the intervening 
groove contributes to form the maso-lachrymal 
canal. (135) Just where this border joins the body 
of the bone, there is a little angle described by Bour- 
gery as the lachrymal tubercle. It was pointed out 
by Lisfranc, who considers it to be of importance, as 
affording a surer guide than the tendon of the orbi- 
cularis, in the operation for fistula lachrymalis. 

80. SrructTure. Processes cellular, walls of the 


7 Levator labii superioris ; and levator labii su- 
perioris aleque nasi, 
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antrum compact. DeveLoPMENT. By separate 
points for the palatine, malar; and nasal processes ; 
by a point for the body ; by several points (which are 
the first to appear) for the alveolar process; and 
sometimes by an extra point for a little piece ana- 
logous to the intermaxillary bone of quadrupeds. 
This portion is indicated in young bones by a fissure, 
which if perfect would cut off the anterior corner of 
the bone, including the two incisor teeth. But this 
fissure, though often deep and distinct internally, is 
seldom continued on the facial surface of the bone. 
Another fissure, indicating in like manner an imper- 
fect division of the bone during foetal life, extends 
(in young specimens) from the anterior end of the or- 
bitar groove to the infra-orbitar foramen. When 
these clefts have disappeared, their former position is 
still indicated, in many bones, by little sutures. The 
maxillary sinus develops gradually by age. ARTI- 
CULATIONS. With the frontal, nasal, malar, lachry- 
mal, ethmoid, palatine, inferior turbinated, vomer, 
opposite maxillary, teeth, and sometimes sphenoid, 
by the several points above mentioned. 


OF THE MALAR BONES. 


1. A pair of irregularly quadrilateral bones, occu- 
pying the upper and outer part of the face, and con- 
sisting of a body, and a process. Each of these parts 
presents for examination two swzfaces, and four bor- 
ders; the body also presents four angles. 

82. Bopy. . The largest and thickest part of the 
bone. Placed vertically in the face, it forms the 
cheek in front, and contributes behind to the tem- 
poral and zygomatic fosse. SURFACES. Oufer or 
anterior, Smooth and convex, directed outward, for. 
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ward, and alittle upward, covered, in the recent state’ 
by a muscle, s and marked near the centre by a small 
hole,—sometimes by more than one. These are the 
apertures of little passages called the malur canals, 
which will be presently described. Inner or pos- 
terior. Directed backward, inward, and a little down- 
ward ; presents internally a triangular rough surface, 
which articulates with the malar process of the upper 
maxillary: at its outer and posterior part a smooth sur- 
face, narrow and very concave above, where it belongs 
to the temporal fossa, wider but. less concave below, 
where it contributes to the zygomatic fossa, and pre- 
sents the aperture of a malarcanal. ANGLES. The 
superior, thick andserrated, articulates with the exter- 
nal orbitar process of the frontal ; the anterior, thin 
and pointed, and the inferior, obtuse and thick, arti- 
culate with the malar process of the superior maxil- 
lary ; while the posterior, denticular, prominent, and 
bevilled, articulates with the zygomatic process of 
the temporal. Borpers. Ifaline be drawn vertically 
from the upper tothe lower angle of the bone, two of 
the borders will be found anéerior, and two pos- 
terior toit. Of the former, one is anterior-superior, 
and forms part of the orbit; the other anterior-in- 
ferior, and articulates with the malar process of the 
upper maxillary. Of the latter, one is posterior- 
superior, and corresponds to that part of the inner 
surface which contributes to the temporal fossa; the 
“ other is posterior-inferior, and corresponds to that 
part of the inner surface which contributes to the 
zygomatic fossa.  Anterior-superior, or orbitar 
border. Is smooth, concave, and rounded, and 


s Orbicularis palpebrarum. 
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forms a considerable part of the circumference of the 
orbit. Anterior - inferior, or maxillary border. 
Rough, and bevilled at the expense of the outer sur- 
face, to articulate with the upper maxillary ; which 
here overlaps the malar.  Postertior-superior, or 
temporal border. Curved like an italic /, and con- 
tinuous, below with the upper border of the zygo- 
matic process, above with the temporal ridge of the 
frontal. It forms the anterior limit of the temporal 
fossa, and attaches a strong aponeurosis. ¢ Posterior=- 
inferior, or zygomatic. Thick, especially in front, 
continuous with the lower border of the zygomatic 
process, and uneven for the attachment of a strong 
muscle. w 

83. OrBrrak Process. A thin curved plate which 
projects backward from the orbitar margin of the 
bone, at right angles to the posterior surface of the 
body. Its upper surface, smooth and concave from 
side to side, contributes to the floor, and to the outer 
wall of the orbit. Its lower surface, also smooth, 
but convex, contributes to the temporal fossa. Of 
its borders, the anterior is identical with the orbitar 
border of the body already described; the superior 
is serrated, horizontal, and articulated to the frontal 
bone just behind its external angular process; the 
posterior, also serrated, is vertical, and joins the or- 
bitar plate of the sphenoid ; the inferior (or internal) 
is serrated like the former, and horizontal for articu- 
lation with the orbitar plate of the superior maxillary 
bone. At the angle of junction between the two last- ~ 
mentioned borders (7. e. the sphenoid, and the maz- 
illary), there is generally a very short rounded mar- 


¢ Temporal. uw Masseter. 
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gin, which forms the anterior boundary of the spheno- 
maczillary fissure. Its length varies with the width 
of the fissure ; sometimesit is entirely wanting. In 
this case the malar bone does not enter into the for- 
mation of the fissure, which is then completed in 
front by the junction of the upper maxillary and 
sphenoid. (This disposition is sometimes seen in 
one orbitar fossa, while on the opposite side of the 
skull the spheno-maxillary fissure is completed by 
the malar bone.) Upon the uppersurface of the or- 
bitar plate appear the orifices of one or two malar 
canals. We have already described similar aper- 
tures on the two surfaces of the body ; and may now 
speak of the canals themselves. Though seldom en- 
tirely wanting, they are very irregular as to size, 
number, and course. A common disposition is the 
following. From the hole on the zygomatic surface 
of the body a canal runs a little way forward and up- 
ward, and then divides into two branches, one that 
ascends to open on the orbitar surface, another that 
descends to open on the anterior or facial surface. 
Sometimes there are several canals unconnected 
with each other ; and one or more may cease within 
the substance of the bone. Some of them give pas- 
sage to small nervous filaments ; v others admit little 
nutrient vessels into the cancellous tissue of the bone. 
84. StrucTuRE. Compact externally, cellular 
within. DEVELOPMENT. By asingle point. ARTI- 
CULATIONS. With the upper maxillary, frontal, tem- 
poral, and sphenoid. 


v Filaments of the malar branch of the ophthalmic 
nerve, which pass through the malar bone to anasto- 
mose with the facial. 
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OF THE PALATE BONES. 


85. A pair of complex bones, situated between the 
palatine plate of the superior maxillary and the 
pterygoid process of the sphenoid, and each consisting 
of two plates joined at a right angle; an inferior 
horizontal, and a superior vertical. 

86. HoRIZONTAL or PALATINE PLATE. ‘Thick, quad- 
rilateral, and continuous with the palatine process of 
the superior maxillary ; like which process it pre- 
sents two surfaces and four borders for examination. 
SuRFACES. Upper. Smooth, concave from side to 
side, level from back to front, forming part of the 
floor of the nose. Lower. This surface, level though 
rough, forms the back part of the hard palate, pre- 
sents posteriorly a transverse ridge (often indistinct) 
for the attachment of a muscle, w and, at the outer 
extremity of this ridge, the oval orifice of the pos- 
terior palatine canal. Near this hole there are fre- 
quently the smaller orifices of one or two accessory 
posterior palatine canals. Lastly, from this aperture 
a groove runs forward, to become continuous with a 
similar groove on the palatine process of the upper 
maxillary, (77) and to transmit the same vessels and 
nerves. EpGes, External. Joins the vertical 
plate. Internal. Straight, thick, and serrated, for 
articulation with the opposite bone ; surmounted by 
a crest which helps to form a groove, continuous with 
the groove formed by the two upper maxillary bones, 
and, like that, designed for the reception of the vomer. 
Anterior. Serrated, bevilled at the expense of the 


e Circumflexus palati. 
x Posterior palatine. 
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lower surface, and supported by the palatine plate 
of the superior maxillary. Posterior, or Guttural. 
This border, thin, smooth, and concave, ter- 
minates the hard palate, and gives attachment to the 
soft.y By uniting with the internal border, it forms a 
projecting angle, which, when joined with that of the 
opposite side, constitutes the posterior nasal spine. 
87. VerTicaAL Piate. Thin, quadrilateral, oblong, 
and inclined from below upward, and a little inward, 
Presents for examination ‘wo surfaces, four borders, 
two processes, and a notch. Surraces. Internal, 
Presents from below upward, first, a shallow, hori- 
zontal groove, which belongs to the inferior.meatus 
of the nose; secondly, a horizontal crest; with which 
the inferior turbinated bone articulates; thirdly 
another horizontal groove belonging to the middle 
meatus ; fourthly, asecond crest, to which the middle 
turbinated bone is attached. These crests are 
called respectively the superior and inferior turbt- 
nated crests of the palate bone ; they are on a line 
with the corresponding crests of the superior max- 
illary bone already described (78). Haternal. Un- 
even, marked with arterial impressions, and closely 
fitted to the inner surface of the upper maxillary ; 
with the posterior part of which it articulates in the 
united skull. It is traversed obliquely by a groove, 
which, with one that.has been described on the superior 
maxillary,(78) formsthe upper partof the posterior pa- 
latine canal; and it presents superiorlya little smooth 
surface, which appearsinthe zygomaticfossa. EDGEs. 
Inferior. Joins at right angles the horizontal or vala- 
tine plate. Anterior. Uneven, thin, and prolonged 


y Also called the velum pendulum palati. 
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forward at its lower part into an angular process 
which contracts the entrance of the antrum. It is re- 
ceived into a slit of the upper maxillary bone just be- 
low that orifice, whence it is often called the mazillary 
process of the palate bone. Its form varies consider- 
ably in different skulls.—I have seen it a long ragged 
denticulation, wider at the extremity than at the root; 
at other times it is very short; it is usually triangu- 
lar, with the apex directed forward ; and it always 
occurs below the level of the inferior turbinated 
crest. (It is very fragile, and frequently breaks 
during the separation of the bones.) Posterior. 
Uneven, hollowed by a narrow groove which receives 
the anterior edge of the pterygoid process of the 
sphenoid. The angle formed by the junction of this 
border with the gutteral border of the horizontal 
plate, is prolonged into a triangular eminence called 
tlie PYRAMIDAL PKOCESS, Or TUBEROSITY of the palate 
bone. This process projects downward, outward, and 
backward, and is received into the bifurcation of the 
pterygoid process of the sphenoid. It is fluted behind 
by three vertical grooves lying side by side, of which 
the inner is the deepest, and receives the internal plate 
of the pterygoid process; while the owter, less deep 
and distinct, 2 but rougher, is joined to the external 
plate of the pterygoid process ; and the middle, wider, 
shallower, and smoother than the others, fills up the 
space left by the bifurcation of the pterygoid plates, 
andso completes the pterygoid fossa. The lower sur- 
face of the pyramidal process belongs to the palatine 
arch, and presents the orifices of one or two small ac- 
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2 Sometimes not a groove, but a mere serrated 
line. 
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cessory posterior pulatine canals. Its outer surface is un- 
even, and articulates with the inner surface of the up- 
per maxillary. Superior edge (of the vertical plate), 
Supports two processes separated by a vofch. Of the 
processes, the posterior and shorter stands upward 
and inward, and is called the sphenotdal process ; the 
anterior and longer stands upward and outward, and 
is called the orbitar process; while the intervening 
space is called the spheno-palatine notch, SPHENOIDAL 
Process. Presents three surfaces, an internal, 
external, and superior; and two borders, an anterior 
and a posterior. Theinternal surface is smooth, and 
contributes to the outer wall of the nasal fossa. The 
external surface is divided into two parts ; a posterior, 
articulated to the inner surface of the pterygoid 
process of the sphenoid; and an anterior, of less 
extent, free, and forming part of the zygomatic fossa. 
The superior surface, or summit, articulates with the 
anterior part of the floor of the sphenoidal sinuses, 
i.e. with the horizontal portion of the sphenoidal 
turbinated bone (which sometimes remains separate 
from the sphenoid, and is united to this process), and 
presents a groove which contributes to the pterygo- 
palatine canal. Of the borders, the posterior, which 
is thin and uneven, rests against the pterygoid 
process, while the anterior, whichis thicker and more 
even, forms the posterior boundary of the spheno- 
palatine notch. OrsirAr Process. A hollow apo- 
physis, formed of thin lamine which include a cell, 
and supported upon a contracted pedicle or neck. 
At the base of this pedicle occurs the superior turbi- 
nated crest of the palate bone (already described) ; 
aud just above that crest, on the inner surface of the 
pedicle, is a little transverse groove belonging to the 
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upper meatus of the nasal fossa. The orbitar pro- 
cess presents three aspects, an zmmer, an outer, and 
an upper; which last is called the summit. But the 
inner and outer aspects are each subdivided into an 
anterior and posterior part, so that there are alto- 
gether five surfaces for description, viz. an orbitar, a 
maxillary, a sphenoid, an ethmoid, and a zygomatic. . 
The respective directions of these several surfaces 
are best observed by joining the palate bone to the 
upper maxillary, and successively applying the con- 
tiguous bones. Upper aspect (or orbitar surface). 
Directed upward and outward; smooth, triangular, 
continuous with the orbitar plate of the upper max- 
illary, and consequently forming part of the fioor of 
the orbit. Outer aspect, anterior division (or maxillary 
surface). Directed outward, downward, and forward ; 
oblong, uneven, and articulated to the inner surface 
of the upper maxillary. Outer aspect, Posterior 
division (or zygomatic surface). Directed outward, 
downward, and backward; oblong, smooth, free, 
continuous with the zygomatic surface of the upper 
maxillary, and belonging to the zygomatic fossa. 
Inner aspect, Anterior division (or ethmoidal surface). 
Directed inward, upward, and forward, to articulate 
with the ethmoid. JZnner aspect, posterior division 
(or sphenoidal surface). Directed inward, upward, 
and backward, to articulate with the anterior wall of 
the sphenoidal sinus, i.e. with the vertical portion 
of the sphenoidal turbinated bone. .On one or other 
of the two last-mentioned surfaces appears the large | 
ragged orifice of the cell that excavates this process. 
When this cell opens on the e¢hmotdal surface, it 
communicates with the posterior ethmoid. cells; 
when on the sphenoidal surface (which is the usual 
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airangement), it communicates with the sphenoidal 
sinus. I have a specimen in which this process con- 
tains two cells, one communicating with the ethmoid 
cells, the other with the sphenoidal sinus. SPHENO- 
PALATINE NotcH. Round and smooth, converted 
into a hole calied the spheno-palatine foramen by 
the sphenoidal turbinated bone, or sometimes by 
a slip of bone passing horizontally between the 
two processes just described. This hole is some- 
times crossed by little threads of bone, which divide 
it into several smaller foramina. I have a palate 
bone in which it istriple. It forms a communication 
between the nasal and zygomatic fosse, lodges a 
nervous ganglion, a and transmits an artery. :b 
90. StRucTURE. Compact where thin, cellular 
in its thicker parts. DrEvELoPMENT. By a single 
point, which appears at the base of the pyramidal 
process. ARTICULATIONS. Principally with the 
upper maxillary, to which it is a kind of appendage ; 
also with the opposite palate bone, the ethmoid, 
sphenoid, sphenoidal turbinated, inferior turbinated, 
and vomer. 


OF THE NASAL ‘BONES, 


91. A pair of small oblong bones, situated in the 
upper and middle part of the face, and concurring to 
form the bridge of the nose; they slant from above 
obliquely downward and forward, are rather variable 
in form, and present for examination two surfaces 
and four borders. 
ee a a 
a Spheno-palatine, 
b Nasal branch of internal maxillary. 
H 
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_© 92, Surraces. Anterior. Directed forward, up-— 
ward, and outward; smooth, more or less concave 
from above downward, convex transversely, covered 
in the recent state by a muscle, marked with minute 
arterial furrows, aud perforated in the middle by a 
small hole for,the transmission of a little vein. . This 
hole is sometimes absent on one side or both; at 
other times it is double, or surrounded with several 
smaller ones. The foramen cecum of the cranium 
has been seen to open on this surface. (70) Posterior. 
Convex from above downward, concave from side to 
side, traversed by minute arterial furrows, and by a 
very distinct longitudinal groove (sometimes a com- 
plete canal) which transmits a small nerve.c This 
surface also presents the inner orifice of the little 
venous foramen described above. 

93. BorDERS. Superior. Short, thick, serrated, 
convex, and articulated with the nasal notch of the 
frontal. Jnferior. Longer and thinner than the up- 
per, sloped obliquely downward, backward, and out- 
ward, articulated to the lateral cartilage of the nose, 
and interrupted in the middle by an angular notch 
for the transmission of a nerve.c The angle of 
junction between this border and the internal is very 
acute, and concurs with the similar angle of the 
opposite bone to form a sharp eminence, sometimes 
called the nasal angle. External. Thicker above 
than below, slightly serrated, and bevilled at the ex- 
pense of the anterior surface above, of the posterior 
surface below. It articulates with the nasal process of 
the upper maxillary ; overlapping it below; overe 

c A filament. of the internal nasal twig of the oph- 
thalinic. 


INFERIOR TURBINATED BONES. 99 


lapped by it above. Internal. Shorter than the ex- 
ternal, thicker above than below, prolonged behind 
into a longitudinal erest (more prominent above 
than below), which with the corresponding ridge of 
the opposite bone forms a groove that receives the 
nasal spine of the frontal, and the perpendicular plate 
of the ethmoid. 

$4. Srrucrure. Cellular internally, especially at 
the upper part, where it is thickest. DEVELOPMENT, 
By a single point in the centre. ARTICULATION, 
With the frontal, upper maxillary, ethmoid, and 
opposite nasal, 


OF THE INFERIOR TURBINATED BONES. 


95. A pair of little oblong porous bones, situated 
in the nasal fossee, the outer walls of which they tra- 
verse horizontally, one on each side, just below the 
orifice of the antrum. Their size is very variable. d 
Their figure is like that of a scroll, being curved, or 
as it were, rolled up, so as to present a convexity 
towards the nose, a concavity in the opposite direc- 
tion. They have two suryaces, two borders, two ex- 
tremities, and three processes. 

96. SURFACES. Spongy, free, perforated with rascu- 
lar holes, and covered in the recent subject with the 
lining membrane of thenose. The internal is convex, 
and traversed by one or two longitudinal furrows 


d A person in the habit of Separating skulls in- 
formed me that in the finest skulls these bones are 
sometimes shrivelled and small; while in skulls, 
otherwise imperfectly developed, they are frequently 
large and well marked. 
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(sometimes complete canals) for small arteries; thé 
external is concave, ¢ and contributes to form the 
inferior meatus of the nose. 

97. EvGces. Lower. Free, cellular, thick, especially 
in the middle, and convex in the longitudinal direc- 
tion. Upper. Thin, often very uneven, and divided 
into three portions; a posterior, which articulates 
with the inferior turbinated crest of the palate 
bone; (87) an anterior, which articulates with thé 
inferior turbinated crest of the upper maxillary; (78) 
and a middle, which passes across the lower part of 
the orifice of the antrum, so as to diminish its extent. 
Just in front of this intermediate portion arises a 
little pyramidal eminence, called the lachrymal pro- 
cess. This articulates by its summit with the angle 
of the lachrymal bone, and by its two borders with 
the lips of a groove (78) on the upper maxillary, 
with which it concurs to form the xaso-lachrymal 
canal, Just behind the intermediate portion another 
little angle called the ethmoidal process ascends to 
join the ethmoid bone. It varies much in size and 
form, and is sometimes double. Lastly, between 
these two eminences a small lamina of bone curves 
downward and outward, hooking over the lower edge 
of the orifice of the antrum. This is commonly 
called the mazillary (by Bertin, the awricularf) pro- 
cess; it fixes the bone very firmly in its place, hang- 
ing it, as it were, upon the outer wall of the nasal 
fossa. 


e Sometimes so much so as to present almost the 
appearance ofa sinus. 

f So called from its resemblance, which is eften 
very striking, to the pendulous ears of some dogs. 
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98. EXTREMITIES. Posterior. Long and sharp. 
Anterior. Short and rounded. 

99. SrrucTuRE. Of numerous Jamine of compact 
tissue, so irregularly disposed, that the whole re- 
sembles a mass of cellular or spongy tissue. DeE- 
VELOPMENT. By one central point. ARTICULATIONS. 
With the upper maxillary, palate, ethmoid, and 
lachrymal bones. 


OF THE LACHRYMAE BONES. 


100. These, the smallest, thinnest, and most fra- 
gile of the facial bones, are situated at the anterior 
part of the inner wall of the orbit, and present for 
examination two surfaces and four borders. 

101. Surraces. External or orbitar. Divided by 
a vertical ridge into two unequal parts; a posterior 
and larger, flat, smooth, and continuous with the orbi- 
tar plate of the ethmoid ; an anterior and narrower, 
perforated with little vascular foramina, and con- 
cave transversely so as to form a longitudinal channel, 
which, together with one that has been described on 
the nasal process of the upper maxillary, forms the 
lachrymal groove of the orbit. This groove lodges 
a little sac of the same name, and is continuous be- 
low with the zaso-lachrymal canal, g (135) by which 


g The upper part of this passage is frequently 
called the lachrymal canal, while the lower portion 
is distinguished as the nasal canal. This subdivision 
is very loose and indefinite, and if it were accurate 
would serve no useful purpose. It seems incon- 
sistent to distinguish the opposite ends of the same 
canal by separate names, while the two portions of 
the glenoid cavity, entirely different in form and 
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it communicates with the inferior meatus of the nose. 
The ridge itself is sharp and prolonged forward be- 
low into a little hook-like process, which articulates 
with the lachrymal tubercle of the upper maxillary, 
and completes the upper orifice of the naso-lachrymal 
canal. This extremity is sometimes a separate 
piece, which has been described as the lesser lachry- 
mal bone. Internal or nasal. The exact reverse of the 
outer; traversed by a vertical groove, corresponding 
to the external cres¢; and presenting an anterior con- 
vex part, which corresponds to the lachrymal groove, 
and belongs to the middle meatus; a posterior and 
wider portion, which corresponds to the orbitar 
plate of the outer surface, is uneven, and articulates 
with the ethmoid, completing its anterior cells. 

102. Borpers. Superior. Short, thick, and arti- 
culated to the internal angular process of the frontal. 
It often presents a little half cell, which is completed 
bythe frontal. Inferior. Divided by the end of the 
vertical ridge into two parts; a posterior, straight, 
and articulated to the orbitar plate of the upper 
maxillary ; an anterior, elongated into a sharp process 
which is called the angle of the lachrymal bone ; and 
which, descending to meet the lachrymal process of 
the inferior turbinated bone, assists to form the naso- 
lachrymal canal. Posterior. Thin, uneven, and > 
articulated with the anterior border of the orbitar 
plate of theethmoid. Anterior. This is the longest — 
border ; it articulates with the inner of the two lips 


function, situated on two different portions of the 
temporal bone, and separated by a deep fissure, are 
included under a common designation, and remain 
undistinguishable except by a periphrasis. 
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or edges that occur at the back of the nasal process 
of the upper maxillary, and frequently presents a 
narrow groove, into which that lip is received. 

103. Srrucruke. Of extremely thin, compact 
tissue. DEVELOPMENT. By asingle point. ArtTicu- 
LATIONS. With the upper maxillary, frontal, nasal, 
and inferior turbinated bones. 


OF THE VOMER. 


104. This is a thin, flat, quadrilateral bone, single 
and median, set up vertically in the nasal fosse, and 
forming the posterior part of their septum. It is fre- 
quently bent so as to be convex on one side and con- 
cave on the other, A in which case the nasal fosse are 
of unequal size. It is sometimes perforated by a 
hole which forms a communication between these 
cavities ; it is compared toa ploughshare, as to form ; 
and it presents for examination two lateral su7fuces 
and four borders. 

105. Larerat Surraces. These are smooth, and 
marked with slight vascular furrows ; each presents at 
its lower part the naso-palatine groove, which runs 
obliquely downward and forward, to the upper 
orifice ¢ of the anterior palatine canal. (77) It be- 
comes deeper as it advances ; and it lodges a nerve 
of the same name. 


106. Borpers, Upper,or Sphenoidal. The thickest 


A Sometimes so much as to touch the inferior tur- 
binated bone of one side. 

z This canal, it will be remembered, bifurcates 
above, and opens by two orifices, one on either side 
of the septum. Each of the naso-palatine grooves, 
therefore, has its corresponding aperture, 
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part of the bone; presents two laminz (called the 
ale of the vomer) separated by a deepgroove. ‘Fhe 
groove receives the rostrum of the sphenoid, and the 
ale are overlapped and retained by two little pro- 
jecting laminze of the sphenoid, formerly described. 
Between the surfaces of this articulation a space is 
left for the transmission of small nerves aud vessels. 
to the substance of the bone. Inferior. The longest 
border. Broad and uneven anteriorly, thin and 
sharp posteriorly, it is received in front into the 
groove formed by the junction of the upper maxillary 
bones, and behind into that which results.from. the 
union of the palate bones. Posterior. Thick and 
bifurcated above, thin below, everywhere smooth 
and free. It is sometimes straight, but generally 
concave, and it separates the posterior aperturesof the 
nasal. fosse., Anterior. Channelled in its. upper half 
to receive the vertical plate of the ethmoid ; some- 
times channelled, sometimes single below, where it 
unites with one of the nasal cartilages. k The chan- 
nel of this edge is continuous with that of the upper. 
Of these four edges the upper and lower are hori- 
zontal; the anterior and posterior slope obliquely 
from above downward and forward. 

107. Structure. Of two. lamine of campact 
tissue, separated by a few cellules above, and coa- 
lescing below. DEVELOPMENT. By a single point of 
ossification ; which, however, is divisible into two 
lateral lamine. ARTICULATIONS. With the sphenoid, 
ethmoid, upper maxillary, and palate bones ; also (by _ 


its upper border) with the sphenoidal turbinated 
bones. 


k The triangular cartilage, 
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OF THE INFERIOR MAXILLARY BONE. 


108. This, the largest of the facial bones, single 
and symmetrical, consists of a lower curved part. 
called the body ; and of two straight portions which 
rise nearly at right angles from the body behind, and 
are called the rami or branches. 

109. Bony. A thick, strong plate of bone, curved 
upon itself like a horse-shoe, and presenting for exami- 
nation, two surfaces, and two borders. SURFACES. 
Anterior. Convex from side to side, concave from 
_aboye downward; and marked in the middle by the 
symphysis of the chin, a vertical ridge formed by the 
union of the two pieces of which the bone consisted in 
childhood; / this terminates below in a triangular 
subcutaneous. eminence, called the mental process. 
On each side of the symphysis, and above the mental 
process, there is a shallow depression for the attach- 
mentof a muscle; mand external to this appears an 
oval hole called the foramen menti. This hole lies ex- 
actly beneath the second bicuspid tooth, is the external 
orifice of the inferior dentar canal, and gives passage 
to vessels and nerves.2 From the base of the men- 
tal process on each side arises a ridge, which, running 
at first horizontally backward, afterward backward 
and upward, is continued into the anterior border of 
the ramus. This is called the external oblique line; 


i These pieces remain separate in many animals ; 
in serpents they are united by a moveable articulation 
which allows the jaw to open laterally, and enables 
the.reptile to swallow a prey larger than his own 
head. 

m Leyator menti. n Inferior maxillary. 
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it gives attachment to several muscles.o Posterior. 
Concave from side to side, convex from above down- 
ward, presenting in the middle a vertical furrow 
eorresponding to the ridge on the opposite side, 
and like it indicating the symphysis of the chin. 
Beneath this are seen four little tubercles placed in 
two pairs, one above the other, and called the genial 
processes. They vary in prominence, are frequently 
indistinct, and sometimes appear to coalesce into 
one irregular tubercle (in three or four skulls I have 
seen here a sharp spine a quarter of an inch long) $ 
they serve for the attachment of muscles.p (I have 
often observed here two little holes for the transmis- 
sion of nutrient vessels, one above, the other below, 
these tubercles; the upper is the larger and more 
constant.) On each side of the genial processes is 
a shallow, smooth, oval cavity, called the sublingual 
fossa, which lodges a salivary gland of the same 
name. Below this fossa, on each side, is a rough 
depression for the insertion of a muscle.g At the 
outer extremities of these cavities commence the zz- 
ternal oblique lines, ridges which are more prominent 
than the corresponding external lines, and which run 
backward and upward along the body to the rami, 
where, making an angle, they ascend nearly vertically 
to form the inner lip of the groove which marks the 
‘anterior border of the ramus. They increase in 
prominence as they approach the ramus; and they 


o Depressor labii inferioris, and depressor anguli 
oris, above ; platisma myoides below. 

p Upper pair to the genio-glossi, lower pair to the 
genio-hyoidei. 
_*g Digastric. 
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give attachment to two muscles.r Beneath the 
most prominent part of the internal oblique line is 
seen an oblong shallow cavity, called the submazillary 
fossa, which lodges a salivary gland of the same name. 
Epces. Inferior. Worizontal, rounded, thicker be- 
fore than behind; and traversed just where it joins 
the lower border of the ramus by a polished, shallow, 
vertical depression, over which an arterys turns. 
This border gives attachment to a muscle.¢ Upper 
or alveolar. Narrow in front, wide and turned a 
little inward behind, and pitted with sixteen alveoli 
or sockets for the teeth. Of these the ten anterior 
(which receive the incisor, canine, and bicuspid 
teeth) are single; while the three posterior on each 
side (for the large grinders) are each subdivided in- 
to two or three cavities which receive the fangs of 
the teeth. These sockets are perforated at the bot- 
tom by holes for the transmission of vessels and 
nerves to the teeth; and, like those of the upperjaw, 
form a series of prominences separated by depres- 
sions on the outer and inner surfaces of the alveolar 
arch. In the old edentulous jaw the alveoli, ren- 
dered useless by the loss of the teeth, are absorbed, 
the height of the body is diminished, and but little of 
it appears above the oblique line. In the infant, on 
the contrary, when the teeth are still contained with- 
in the jaw, the alveolar process is proportionably 
deeper than in the adult, and the chief part of the 
body lies above the oblique line. 

110. Rami. Two quadrilateral flat plates of bone 


+ Mylo-lyoideus in front, superior constrictor of 
the pharynx behind. 


s Facial. t Platisma myoides, 
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which ascend in the lateral regions of the face, and 
present for examination two surfaces, four borders, 
and two processes, separated by anotch. SURFACES.. 
External. Uneven and slightly concave, turned a 
little outward at its lower part, where it presents the ~ 
rough impressions of astrong muscle, z by which, in the 
recent subject, itis entirely covered. Jnternal. Pre- 
sents in the centre the oval oblique orifice of a passage 
in the bone, called the inferior dentar canal. This 
canal descends obliquely forward in the substance of 
the ramus, enters the body, runs horizontally for 
ward beneath the alveoli (diminishing in size as it 
proceeds) till it reaches the incisor teeth; here it 
turns back to terminate at the mental foramen, giv- 
ing off, however, from its angle two little canals, a 
superior and an inferior, which run forward beneath 
the incisor teeth, and lose themselves in the cellular 
tissue of the bone. The walls of this canal are com- 
pact near its extremities, cellular in the middle ; it is 
perforated with holes leading into the alveoli, and 
conveys vessels and nerves» to the teeth. In the 
posterior two thirds of its course it is nearest the in- 
ternal surface of the jaw ; in the anterior third to the 
outer surface. The margin of its superior orifice is 
prolonged upward, izternally, into a spinous process, 
for the insertion of a ligament ; w and presents pos- 
teriorly, a notch which gives passage to a nerve. # 
From this notch a small groove runs obliquely down- 
ward and forward, to terminate at the posterior ex- 
tremity of the sublingual fosse. It is called the 


uw Masseter. » Inferior dentar. 
w Internal lateral of jaw. 


# Mylohyoid branch of inferior dentar, 
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tnylohyoid groove, and transmits a nerve and vessels 
of the same name. Lastly, this surface presents, at 
its lower part, some rugosities for the attachment of 
a muscle.y Borpers. Anterior. Smooth, con- 
cave, and nearly vertical, but sloped a little from 
above downward, forward, andinward. It presents 
a groove which is continuous with the alveolar border 
of the body, and gives origin to a muscle.z Thetwo 
lips of this groove are formed by the terminations of 
the internal and external oblique lines. Posterior. 
Thick, smooth, rounded, nearly parallel to the an- 
terior, aud forming, by junction with the inferior, the 
angle of the jaw. This is a rounded, blunt, angle, 
deflected a little outward, rough on each side for the 
insertion of a muscle,a and intermediately for the 
attachment of a ligament.b Its shape varies con- 
Siderably at different periods of life. In infancy, be- 
fore the jaws are separated by the growth of the teeth, 
itis very obtuse. In the adult, when the ramus be- 
comes almost vertical (in order to leave room be- 
tween the jaws for the teeth), it is nearly a right 
angle. In the aged, when the teeth are shed and 
the jaws fail together, it again becomes obtuse: then 
the chin is thrown forward, the lips fall in, the face 
shortens, and the countenance assumes the appear- 
ance peculiar to old age. Inferior. This border is 
short, thick, straight, and continuous with the lower 
border of the body: the point of junction is indicated 
by a shallow, arterial groove, already described. 
Superior. This border, which is thin and curved, 


y Internal pterygoid. - 2 Buecinator. 
a Masseter externally; internal pterygoid internally. 
5 Stylo-maxillary. 
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supports two processes; an anterior, nonarticular and. 
turned a little outward, called the coronoid process; 
a posterior, articular and directed somewhat inward, 
called the condyloid process. These are separated 
by an interval, called the sigmoid nofch. COoROoNOID 
Process. <A thin, smooth, triangular eminence of 
variable shape and size; it is flat internally and ex- 
ternally, presents a thin margin before and behind, 
and by its summit attaches a large muscle.c Con- 
DYLOID Process. Is shorter, but thicker than the 
former, and consists of two parts, the condyle, aud 
the neck. The neck is the contracted portion which 
supports the condyle; it is flattened from before 
backward, smooth and convex posteriorly, hollowed 
infront by a concavity, called the pterygoid fossa, for 
the attachment of a muscle; d narrow internally and 
externally, in which latter direction it presents a tuber- 
cle for the attachment of a ligament.e The condyle 
is of an oblong shape, with the long axis transverse 3; 
it is convex from before backward, and from side to 
side, and set obliquely on the neck, in such a manner 
that its outer extremity rises somewhat higher than 
the inner, and is also turned a little more forward. 
Thus the long axes of the two condyles, if prolonged 
inward, would form an angle, with the apex directed 
downwardand backward. A corresponding obliquity is 
observed in the glenoid fosse of the temporal bones, 
and it facilitates considerably the rolling of the con- 
dyles, in the transverse motions of mastication. The 
condyles are covered with cartilage, which extends 
farther on the posterior than on the anterior surface, 


e Temporal. d External pterygoid. 
é External lateral. 
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and they articulate by the intervention of an articu- 
lar fibro-cartilage, or meniscus, with the anterior part 
of the glenoid cavity of the temporal bone. (58) 
Sigmoid notch. A large semilunar depression formed 
between the processes just described, and closed 
above (in the united skull) by the zygomatic arch. 
The space thus circumscribed gives passage to nerves 
and vessels. f 

111. Srructure. Of reticular tissue, enclosed ina 
compact layer, and traversed by the dentar cana]. DE- 
VELOPMEN1. By two principal centres of ossification, 
which afterwards unite at the symphysis ; in addition 
to which are two points for the two coronoid pro- 
cesses, and one for a separate plate, which forms the 
lower edge of the bone in the fetus. ARTICULATIONS. 
With the temporal bones, and the teeth. 


OF THE TEETH. 


112. Small, extremely hard, calcareous organs (dif- 
fering in position, organization, and mode of growth, 
from the bones), implanted in the alveoli of the 


Jf Masseteric. 

g Strictly speaking the description of these organs 
does net belong to osteology. The transcendental 
anatomists, who regard the lower jaw asa pair of 
cephalic prehensile organs, or limbs, united in front, 
consider the teeth as terminal organs of these limks, 
analogous to the talons or nails by which the limbs 
of the trunk arearmed at their free extremities: they 
therefore place them among the few vestiges of the 
dermoid skeleton which remain in the higher mam- 
malia. Nevertheless, as they are intimately con- 
nected with the bones, and usually remain attached 
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jaws, and presenting in general the form of an 
irregular cone, whose apex, single or divided, corre- 
sponds to the bottom of the sockets, while its base 
projects into the cavity of the mouth. There are 
distinguished in every tooth, a part which is concealed 
within the jaw, called the root; a part which is ex- 
ternal and covered with hard enamel, called the 
crown; and a line of junction between the two, which 
being somewhat contracted is calledthe zeck. The 
teeth, of which in the adult there are thirty-two, 
sixteen in each jaw, are divided into three classes; 
incisors oY cutting teeth, canine or tearing teeth, and 
molar or grinding teeth. In each class the crown 
and the root present certain characteristic peculi- 
arities of form and size. 

113. Incisors. The four front teeth in each jaw. 
Crown. Wedge-shaped, straight and sharp at its 
free border, slightly convex in front, and concave 
behind: its enamel is thinner behind and laterally 
than in front, and terminates at the neck in a curved 
margin, the concavity of which is turned toward the 
cutting edge. Root. Single, conical, transversely 
flattened, thicker before than behind, and marked on 
each side with a slight longitudinal furrow. 

The superior incisors are larger and stronger than 
the inferior. In the upper jaw the two middle are 
larger than the two lateral incisors. In the lower 


in the preserved specimens which fall under the 
notice of the student, he will find it convenient to 
study their descriptive anatomy in this place. A 
compendious account of their structure and develop- 
ment will be found in Mayo’s Outlines of Physiology, 
4th edition, p. 460. 
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Jaw, on the contrary, the two lateral are larger than 
the middle pair. 

114. Canine. These, four in number, are the long- 

est of the teeth. They are placed, two in each jaw 
immediately behind the incisors, which they separate 
from the grinding teeth. Crovwn. Somewhat pyra~ 
midal, concave, and rather uneven behind, convex in 
front, and terminated at the summit by ablunt point. 
Root. Like that of the incisors, but very long and 
thick, ‘ 
The two upper canine (vulgarly called eye-feeth) 
are longer and larger than the two lewer, and are 
Situated a little behind them. Insome subjects they 
extend to the base of the nasal process. Cruveilhier 
mentions specimens in which he has seen the canine 
developed in the substance of the nasal process, and 
in an inverted position (the root being turned down- 
ward, and the crown upward). 

115. Morar. These, the largest of the teeth, are 
twenty in number, ten being situated in the upper, 
and ten in the lower jaw. In the upper jaw they 
occupy the space between the canine tooth and the 
maxillary tuberosity ; in the lower jaw they fill np 
the interval between the canine tooth and theramus. 
They are counted from before backward, the first 
pair being next the canine, while the last are con- 
tiguous to the ramus. The root of the molar teeth is 
divided into fangs ; the crown igs wide, short, flattened 
at the summit, and provided with tubercles, by which 
it is adapted to grind the morsel of food that has 
been cut off by the incisors, or torn by the canine 
teeth. They differ in bulk, and in the number of 
their tubercles; and these variations have led to 
their division into two classes, The first two pairs 
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in each jaw are smaller than the rest, and have only 
two tubercles; hence they are called small molars, or 
bicuspidati, the three remaining pairs in each jaw are 
large, and present several tubercles ; hence they are 
called large molar teeth, or multicuspidati. Bicus- 
PIDATI. Are eight in all; four being situated in 
each jaw, two on the right, and two on the left side. 
The upper correspond to the canine fossa, and the 
lower are placed immediately under them. Crown. 
Irregularly cylindrical, flattened before and behind, 
where it touches the adjacent teeth, convex internally 
and externally, and terminated at the summit by 
two blunt points, separated by a deep notch. oot. 
Single, deeply grooved on each side, perforated at 
the summit by two holes, and separated from the 
‘crown by anearly circular neck. It is sometimes 
bifid ; especially in the upper jaw. 

The superior bicuspid teeth are distinguished 
from the inferior by their greater size. Their tuber- 
cles also are more pointed, and separated by a deeper 
groove; their roots are more frequently bifid; in- 
deed, the second of the superior bicuspidati is known 
by its root being generally bifurcated. ‘The first 
inferior bicuspid-is distinguished by the prominence 
of its outer tubercle, which gives it somewhat the 
appearance of a canine tooth. MULTICUSPIDATI, 
Of these there are three pair in each jaw. They 
are designated numerically, first, second, and third ; 
the last pair being also called, from the lateness of 
their appearance, the wisdom teeth. Crown. Large, 
cuboid, flat before and behind where it corresponds 
to the contiguous teeth, convex externally and in- 
ternally. The grinding surface generally presents 
four tubercles separated by two grooves which cross 
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each other in the middle. There are sometimes 
five tubercles ; and the surface,"in other instances, 
‘presents an irregular wrinkled appearance. Root. 
Generally double in the lower, triple in the upper 
large grinders ; sometimes divided into four or five 
fangs. These are generally divergent ; sometimes 
parallel, and sometimes curved at the point so as to 
embrace a portion of the jaw. When there are two, 
one is anterior, the other posterior; when there 
are three, one is internal, two are external. The 
large grinders are distinguished from each other by 
their size, which diminishes from the first to the lasts 
The wisdom tooth, which is the latest to appear, pre- 
sents considerable variety in its form and growth. 
Sometimes its fangs coalesce into one; sometimes it 
remains buried within the jaw ; I have seen it grow- 
ing straight forward from the ramus. 

116. The permanent teeth are preceded by a 
deciduous set, similar in their genera] characteristics, 
but smaller, of a more delicate texture, less firmly 
rooted in the jaws, and fewer in number, than the 
permanent. They amount to twenty only; four in- 
cisors, four molars, and two canine, in each jaw. 
The deciduous incisors have a serrated appearance, 
produced by little tubercles of enamel surmounting 
their cutting margin; the canine are more pointed 
and prominent in the deciduous than in the pers 
manent set; and the molar have sharper tubercles, 
and seldom more than three branches to their roots. 
They appear about the sixth month, and begin to be 
shed about the sixth year; the permanent rising, 
pair after pair, to supply their places, 
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OF THE HYOID BONE, 


117. This is a bony arch, of the shape of a horse 
shoe, formed of three segments, called the body, and 
the cornua, or greater horns, and presenting at its upper 
part two little appendages, called the cornicula, or 
lesser horns. In youth these five pieces articulate 
by cartilaginous surfaces, and are held together by 
ligaments. Towards middle age the three segments 
of the arch generally coalesce ; the cornicula remain 
moveable much !onger ; but in very old subjects the 
five pieces are commonly united into a single bone. 

This compound bone, which derivesits name from 
its resemblance to the Greek Upsilon, is suspended 
horizontally in the neck beneath the lower jaw, to 
the body of which it is parallel. It is supported in 
its position entirely by the muscles and ligaments to 
which it gives insertion ; being the only instance in 
the human body of a strictly solitary bone.k To 
facilitate its study, we shall describe, first, the body, 
secondly, the greater horns, and lastly, the lesser 
horns. 


A The transcendental anatomists consider this 
bone, together with the teeth and the cartilages of 
the larynx and trachea, to represent in the higher 
mammalia the splanchnal skeleton of the inferior 
orders, just as the epidermis and its appendages are 
vestiges of the dermal skeleton. The office of the 
former skeleton is to separate the animal from foreign 
objects admitted into its interior, as that of the latter 
is to separate it from external nature. Their con- 
ceptions on this, as on many other points, appear to 
me to be philosophical and just. 
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118. Bopy. This is the anterior and central por- 
‘tion of the arch. It is of a quadrilateral shape, pre- 
senting for examination, an anterior, a posterior, and 
two lateral surfaces, and an upper and lower mar- 
gin. Survraces. Anterior. Convex, directed for- 
ward and upward, and traversed by two ridges; 
one horizontal, dividing it into an upper and a 
lower portion ; the other vertical, crossing the former 
at right angles, and subdividing each portion into two 
lateral halves, each of which presents an oval depres- 
sion. At the point of intersection of the two ridges 
there is a prominent ¢ubercle. The portion above the 
horizontal ridge is directed more upward than the por- 
tion below, and is sometimes described as the upper 
border of the body ; in such descriptions what we call 
the lower division of the anterior surface, constitutes 
the entire anterior surface.z The upper division 
gives attachment to three pairs of muscles; the 
lower to two pairs of muscles,/ and to an aponeu- 
rosis.m  Postericr. Concave, directed backward 
and downward, and separated in the recent state by 
a@ membrane, m and by a quantity of yellow cellular 
tissue, from the epiglottis (or lid of the larynx). 
Borpers. Superior. Rounded and uneven; attaches 


i This is why the attachments of the muscles to the 
hyoid bone appear to be so variously stated by 
different anatomists ; some attributing to the border 
what others refer to the szz-fuce. 

k Genio-hyoidei in front, and part of genio-hyo- 
glossi and linguales, behind. 

1 Mylo-hyoid internally, stylo-hyoid externally. 

m Aponeurosis of the digastric. 

w Thyro-hyoid. 
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part of two pairs of muscles, o and of a membrane p. 
Inferior. Wonger and thinner than the superior, and 
situated in a plane somewhat in advance of it. It 
attaches three pairs of muscles.g Lateral. Short, 
oval, slightly convex, and either covered with car- 
tilage for articulation with the greater horns; or 
joined to them by. an osseous union. 

119. Greater Horns, or Cornua. Project back- 
ward, and a little outward, from the body, diminish 
in size from before backward, and terminate behind 
in a tubercular extremity. Each presents two sur- 
fuces, two borders, and two ends. SURFACES. Outer. 
Looks outward and upward, is continuous with the 
anterior surface of the body, and gives attachment to 
part of two muscles.r Inner. Looksinward and 
downward, and is covered inthe recent state by a mem- 


o Part of genio-hyo-glossi, and linguales (which 
are, however, principally attached to the upper divie 
sion of the anterior surface,—see note £). 

_p Thyro-hyoid. (This membrane is, almost uni- 
versally described as being attached to the lower 
border of the bone. Cruveilhier and Bourgery are 
the only anatomists (as far as I know) who have de- 
scribed its connexion correctly. The fact, however, 
is quite certain; as any one may satisfy himself by 
passing up the handle of a scalpel between the pos- 
terior surface of the bone, and the anterior surface 
of the membrane. ) 

q Sterno-hyoid in front, thyro-hyoid isakicls and 
omo-hyoid externally, just at the junction of the body 
and greater horn. 

x Thyro-hyoid below, hyo-glossus above, 
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prane.s Borpers. Superior. Sharperand shorter 
than the inferior ; attaches part of two muscles, s and 
of a membrane.t Inferior. Situated on a plane 
external to the former; gives attachment to part of 
amuscle.« Enps. Anterior. Grows to the body 
in the adult, articulates with it in youth by a con- 
cave cartilaginous surface. Posterior. Is smaller 
than the anterior, and presents a round tubercle for 
the attachment of a ligament. « 

120. Lesser Hoxns, or CoknicuLa. Two little 
pyramidal eminences, varying considerably as to size 
and shape, in different individuals, or even in the 
same individual on opposite sides. Each is articu- 
lated by its buse to the point of junction between the 
body and greater horn; and by its swmmit, which is 
directed backward, upward, and outward, gives at- 
tachment to a ligament. v 

121. SrrucTuRE. Cellular in the body, compact 
in the horns. DEVELOPMENT. By an ossific point 
for each of the five pieces of which the bone consists. 
CONNEXIONS. With the various muscles and liga- 
ments mentioned in the notes. The ligaments by 
which the lesser horns are connected to the styloid 
process are sometimes ossified. This irregularity 
establishes an analogy between the appareil hyoidien 
of man, and that of animals ; in which the hyoid bone 
has a regular osseous connexion with the styloid pro- 
eess of the temporal. 


s Superior constrictor of pharynx and hyo-glossus. 
t Thyro-hyoid membrane. 
« Thyro-hyoid. 
v Stylo-hyoid. — 
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OF THE FACE IN GENERAL. 


122. The facial bones form by their union a very 
irregularly shaped six-sided framework. The su- 
perior surface or aspect of this framework articulates 
with the base of the cranium; the inferior forms the 
roof of the mouth ; the anterior and two lateral sur- 
faces constitute, when covered with the flesh, the 
countenance, or face, in the ordinary aceeptation of 
the term: the posterior articulates, near the middle, 
with the pterygoid processes of the sphenoid, and pre- 
sents on each side the posterior border of the ramus 
of the lower jaw. In regarding the face from above 
or below, we observe that its transverse diameter is 
greater behind than before; when we view it in pro- 
file, we see that its vertical diameter is greater before 
than behind; and when we examine it from behind, 
we observe that its height in the median line (mea- 
sured from the upper border of the vomer above, to 
the palatine arch below) is considerably less than its 
height on each side (measured from the condyle to 
the angle of the lower jaw). These aspects of the 
face are so irregular that it is difficult accurately to 
define their boundaries. The superior aspect being 
‘articulated to the cranium seldom comes under our 
notice; the others will be successively described. 
The sutures, which are of less practical importance 
here than in the cranium, will be described with the 
regions in which they occur. 

123. ANTERIOR ReGion. | Extends vertically from 
the root of the nose to the point of the chin, and is 
bounded on each side by the prominence of the cheek 
bone, and hy the anterior edge of the ramus of the 
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lower jaw. Its greatest transverse diameter is at 
the level of the cheek-bones. Its greatest vertical 
diameter is in the median line. It presents from 
above downward, Ist, the nose; a vaulted eminence, 
convex from side to side, more or less concave in the 
opposite direction, formed by the nasal bones, and by 
the nasal processes of the superior maxillary bones. 
In the middle of this eminence is the znternasal su- 
ture, formed by the junction of the nasal bones; and 
external to that on each side the smooth external 
surface of the nasal bone, perforated by some vascular 
apertures, covered in the recent subject by a muscle, # 
and limited by the naso-mazillary suture,—which is 
formed between the nasal bone and the nasal process 
of the superior maxillary. 2ndly. Below the arch of 
the nose appears the anterior orifice of the nasal 
fossze, resembling in shape the heart upon playing 
cards, with the broader end downward. Its margin 
(which is connected with the lateral cartilages of the 
nose) is sharp and thin; formed by the nasal bones 
above, where it presents in the middle an angular 
projection flanked by two deep notches; formed by 
the upper maxillary bones below, where it presents 
the anterior nasal spine. Below this appear in suc- 
cession, the inter-masxillary suture ; the incisor teeth ; 
the vertical ridge, called the symphysis of the chin ; 
and the mental process. 

On each side, and again proceeding from above 
downward, this region presents, Ist. the cirewmference 
of the orbit; inferior and external to which is the 
quadrilateral anterior surface of the malar bone, per- 


a Pyramidalis nasi. 
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forated near the centre by one or two malar canals. y 
Inferior to the orbit, and internal to the malar bone, 
appears thecanine fossa, perforated by the infra-or- 
bitar faramen, z and marked by two muscular impres- 
sions, a one above, the other below that orifice. In- 
ferior and internal to the canine fossa, and separated 
from it by the canine eminence, is seen the myrtiform 
fossa, which attaches a muscle.b Below the canine 
and myrtiform fosse appear the alveolar and dentur 
arches ; which latter vary in form, but when regular 
are parabolic. The teeth in man are set aimost 
vertically in the jaws, and form an uninterrupted 
series ; in the lower animals they are always more 
or less inclined, and separated in certain places by 
intervals. The free edge of the superior dental arch 
descends slightly from the first incisor to the: last 
molar, forming a curve convex downward; the in- 
ferior dentar arch presents oneach side a corresponds 
ing concavity. Below the dental arches on each side 
are observed, the mental forumen,c the external 
oblique line, d and the inferior border of the body of 


y For the transmission of small filaments from 
the malar branch of the ophthalmic; also of little 
arteries, 

2 For the transmission of a nerve and vessels of fhe 
same name, 

a The upper gives origin to the levator Jabii su- 
perioris ; the lower to the levator labii superioris 
aleque nasi, 

6 Depressor labii superioris aleque nasi. 

c Transmits the inferior maxillary vessels and 
nerve. 


d Attaches the depressor labii inferioris and de- 


. 
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the lower jaw, interrupted at its junction with the 
ramus by a shallow arterial groove. e 

124. Posrerion Recion. This region is bounded 
on each side by the posterior edge of the ramus of 
the lower jaw; in the median line it extends verti- 
cally from the upper border of the vomer to the 
posterior border of the hard palate; on each side it 
extends vertically from the condyle, to the angle, of 
the lower jaw. It presents, in the median line, the 
posterior edge of the vomer, and the posterior nasal 
spine ; / external to these appear the oval orifices of 
the nasal fosse ; below these again are the posterior 
edges of the horizontal plates of the palate bones, / 
and the tuberosities of the palate bonesi (the latter 
appearing, one on each side, between the plates of 
the pterygoid process). Beyond these on each side 
is an empty space, filled, in the recent subject, by 
muscles,£ and bounded externally by the posterior 
border of the ramus of the lower jaw, which expands 
above into the condyle, and bends a little outward 


pe 


pressor anguli oris above; the platisma myvides 
below. 

e For the facial artery. 

f Attaches the azygos uvule. 

g Attach at the external and inferior part of their 
circumference the superior constrictors of the pha- 
rynx. 

h Attaches the velum pendulum palati. 

< That part of the tuberosity, which appears in the 
pterygoid fossa, attaches a few fibres of the internal 
pterygoid muscle. 

# Internal and external pterygoid. 
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below, where it joins the lower border to form the 
angle of the jaw. 

125. INrerioR REGION. This region forms the 
cavity of the mouth, and is sometimes classed with 
the nasal and orbitar cavities, under the name of the 
eral fossa. tis divided into a superior horizontal 
portion, called the palatine vault; and an inferior 
vertical portion, formed by the inner surface of the 
teeth, and of the lower jaw. PaLaTINE VAUvcT. 
Presents, in the median line, from behind forward 3 
Ist. the lower surface of the posterior nasal spine, 
2ndly. the suture of the palate and maxillary bones, 
elevated into a ridge, sometimes called the palatine 
erest, and presenting in front the lower orifice of the 
antertor palatine canal.l On each side of this lon- 
gitudinal suture is seen, from behind forward, ist. 
the lower surface of the tuberosity of the palate bone 
perforated by two or three accessory posterior pala- 
tine canals ; m 2ndly. the lower surface of the palatine 
plate of the palate bone, presenting posteriorly a little 
transverse ridge for the attachment of a muscle, 
externally the lower orifice of the posterior palatine 
canal ; and, leading forward and inward from this 
hole, a groove, which lodges the nerves and vessels 
that pass through the canal. Thirdly, the zransver se 
palato-maxillary suture. Fourthly, the concave 
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¢ Lodges the naso-palatine ganglion. 

m ‘Transmit small palatine arteries and nerves. 

nm This suture, which is formed between the pa- 
jatine plates of the palate and upper maxillary bones, 
is called ¢ransverse, to distinguish it from the vertical 
palato-maxillary suture; which is formed between 
the nasal plate of the palate bone and the inner sur- 
face of the upper maxillary. 
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uneven surface of the palatine plate of the upper 
maxillary, which is transversed by the continuation 
of the groove above mentioned, and perforated by 
many nutrient foramina. Some of these, situated 
hear the alveolar margin, for the transmission of 
herves and vessels to the incisor teeth, constantly 
seen in young subjects, and sometimes pervious even 
in the adult, are called the incisive foramina. VERTI- 
CaL Portion. Formed entirely by the inner surfaces 
of the dental and alveolar arches, and of the lower 
jaw bone, which have already been sufficiently de- 
scribed. 

~ 126. LATERAL or Zycomatic Recions. Bounded 
in front by the ridge that descends from the malar 
process of the upper maxillary ; behind, by the pos- 
terior border of the ramus of the jaw; above, by the 
zygomaticarch; below, by the inferior border of the 
ramus of the lower jaw. This region presents two 
planes; an external, formed by the ramus of the 
lower maxillary bone already described; (110) an 
internal, formed chiefly by the zygomatic surface of 
the upper maxillary bone, and contributing to the 
zygomatic, and spheno-maxillary fossee ; which will 
be described in the next section. 


OF CERTAIN FARTS FORMED BY THE UNION OF THE 
CRANIUM AND FACE. 


127. Besides the parts already described as proper 
to the cranium, or to the face, there are several fossze 
and sutures, referable to neither of these divisions of 
the skull in particular, but resulting from the union 
of both. These we proceed in this section to describe. 

128, CRANIO-FACIAL Fossm, Of these there are 
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five pairs; the orbitar, the nasal, the zygomatic, thé 
spheno-maxillary, and the temporal. 
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129. These are two pyramidal cavities, situated 
in the upper and anterior part of the skull, and hav- 
ing their base directed forward and outward, and 
their apex backward and inward. o They present for 
examination four walls, four retiring ungles, formed 
by the junction of the walls, a circumference, or base; 
and an apex. 

130. Watts. Upper, or Vault. Directed down- 
ward and a little forward; p formed, chiefly by the 
concave orbitar plate of the frontal bone, behind, for 
a small extent, by the lesser wing of the sphenoid. 
It presents behind forward, first, the transverse 
suture formed by the junction of the lesser wing of 
the sphenoid with the orbitar plate of the frontal. 
Secondly, quite in front, and just behind the external 
angular process, the lachrymal fossa, which lodges a 
gland of the same name ; and thirdly, behind the in- 
ternal angular process, a little tubercle, or depres= 
sion, for the insertion of a tendinous pulley.q 
a a a a SS a 

o This divergence of the axes of the orbits results 
entirely from the oblique position of their outer 
walls; the inner walls being parallel to each other, 
and to the median plane. 

p The student is reminded that the direction or 
aspect of a surface is indicated by a line. drawn per- 
pendieular to its centre. See Introduction. (7) 

q Through which the tendon of the superior oblique 
muscle turns. © 


~ 
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Lower or Floor. Nearly flat, much less extensive 
than the vault, directed upward, outward, and for- 
ward. Formed chiefly by the orbitar plate of the 
upper maxillary; assisted, in front, by the orbitar 
process of the malar bone, and behind by the orbitar 
process of the palate bone. It presents the two su- 
tures formed by the junction of these three portions ; 
and, near its middle, the infra-orbitar groove, r which 
runs from behind, forward and downward, presently 
changing into the infra-orbitar canal.r ‘This surface 
at its anterior and internal part gives attachment to 
a muscle. s 

Outer. Nearly flat, directed inward, forward, and 

a little upward. Formed by the orbitar plate of the 
sphenoid behind, by the upper part of the orbitar 
process of the malar bone in front. Presents the 
vertical denticulated suture of these two portions; 
and in front of the suture the inner orifices of the 
malar canals.t It also presents one or two external 
orbitar foramina. 

Inner. This surface is the smallest of the four. It 
is directed outward, forward, and a litle upward. It 
is formed chiefly by the orbitar plate of the ethmoid ; 
assisted by the lachrymal in front, and by a small 
portion of the sphenoid behind (viz. that portion of 
the side of the body of the sphenoid, which appears 


in front of the sphenoidal fissure). It presents the 
a es el, (Gand 1 ye ly ln oe gD, 
r Transmits the infra-orbitar nerve and vessels. 


s Obliquus inferior oculi. 

Transmit small nerves and vessels ; one of them 
gives passage to a branch of the malar nerve sent 
forward from the orbit to anastomose With the facial 
nerve, 
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two vertical sutures formed by the junction of these 
bones; the vertical crest of the lachrymal bone, and 
in front of that the luchrymal groove ; which, how- 
ever, being completed in front by the nasal process of 
the upper maxillary, is usually referred to the cz7- 
cumference of the orbit. 

131. ANGLES. Superior and external. This angle 
is formed by the meeting of the upper and outer 
walls; and presents, from behind forward ; Ist, the 
sphenoidal fissure, or foramen lacerum anterius; x 
2ndly, the junction of the orbitar plate of the sphe- 
noid with the orbitar plate of the frontal bone (being 
part of the sphenoidal suture) ; and 3dly, the articu- 
lation of the malar bone with the frontal, just behind 
the external angular process. Swperior and internal. 
This angle is formed by the meeting of the upper 
and inner walls, and presents the ethmotdal suture, 
perforated by the anteriory and posterior z internal 
orbitar holes; and in front of that the little suture be- 
tween the frontal and lachrymal bones. Inferior 
and internal. This is formed by the meeting of the 
inner wall and the floor, and it presents the sutures 
between the palate bone and ethmoid, upper maxil- 
lary and ethmoid, upper maxillary and lachrymal. 
Inferior and external. This angle, formed by the 
junction of the outer wall and floor, presents pos- 
teriorly the spheno-maxillary, or infra-orbitar fissure § 
a cleft, bounded externally by the orbitar plate of 


a Transmits the 3rd, 4th, and 6th nerves, the 
ophthalmic branch of the 5th, and a small vein. 

y Transmits the internal nasal twig of the ophthal- 
mic nerve. 

z Transmits a small vessel. 
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the sphenoid, internally by the orbitar plates of the 
upper maxillary and palate bones; and generally 
‘(but not always (83) ) completed in front by the or- 
bitar plate of the malar. This fissure is wider at its 
extremities than in the middle, and gives passage to 
nerves a and vessels.b (The relative position of the 
two fissures of the orbit may easily be remembered 
by bearing in mind, that the outer wall at its pos- 
terior part is bounded by a fissure above and below.) 

132, CIRCUMFERENCE or Base. Of a quadrilateral 
figure, with curved sides, and rounded angles; some- 
what larger externally than internally ; formed above 
by the supra-orbitar arch ; on the outside by the ex- 
ternal angular process of the frontal, and part of the 
orbitar border of the malar; within, by the internal 
angular process of the frontal, and the nasal process 
_ of the upper maxillary ; below, by the anterior bor- 
der of the orbitar plate of the malar, and the corre~ 
sponding border of the orbitar plate of the upper 
maxillary. The circumference thus formed is in- 
terrupted above by the supra-orbitar notch c (or 
hole d@), and is traversed by three sutures ; the fronto- 
SS ee OE ih wee Wa 

a The two ascending branches of the spheno-pala- 
tine ganglion, and the posterior dental branches 
(three or four in number) of the infra-orbitar nerve 
(the infra-orbitar nerve itself runs across it, but does 
not pass through it). 

6 The infra-orbitar branch of the internal maxil- 
lary artery, with its accompanying vein. 

ce For the transmission of the frontal nerve and 
vessels. 

d Of thirty-eight male skulls, in Alexandre’s col- 
lection, twenty-two had supraciliary notches, eight 
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malar externally, the fronto-mazxillary internally, the 
malo-maxillary below. The inner border contributes 
to the lachrymal groove, which is traversed vertically 
by the suture between the lachrymal bone and the 
nasal process of the upper maxillary, perforated with 
numerous little foramina leading into the nose, and 
continuous below with the naso-lachrymal canal, 
which opens in the inferior meatus of the nose. The 
groove lodges a small sac e whose duct is transmitted 
by the canal. 

133. Apex. Is represented by the optic foramen ; 
a short round canal, situated quite at the back of the 
orbit, between the two roots of the lesser wing of the 
sphenoid. The direction of the two optic foramina 
is such that their axes, if prolonged backward, would 
intersect each other in the sella turcica. The slip of 
bone which separates the optic foramen from the 
sphenoidal fissure presents a little tubercle for the 
attachment of a tendon. 7 

The bones that enter into the composition of the 
orbit are, the frontal, sphenoid, ethmoid, upper max- 
illary, malar, lachrymal, and palate bones. 


OF THE NASAL FOSS. 


134. These are two oblong cavities, separated 
from each other by a thin vertical septum ; situated — 
between the base of the cranium and the roof of the: 
mouth; flanked on each side by the cavities of the 


supraciliary /oles, eight a hole on one side and a notch 
on the other. ; 

e Lachrymal. 

f Atendon common to the internal, external, and 
inferior recti muscles of the eye 
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orbit and the antrum; and open before and behind. 
They open on each side into the antrum and the 
-ethmoidal cells ; behind, into the sinuses of the sphe- 
noid bone; before, into those of the frontal. They 
communicate, by the naso-lachrymal canal, with the 
€avity of the orbit ; by the anterior palatine canal, 
with that of the mouth 3; by the olfactory foramina, 
with that of the cranium ; and sometimes, by a hole 
in the septum, with-one another. Their shape is 
irregular ; the roof or vault being long, narrow, and 
concave from before backward ; while the floor is 
shorter, wider, and concave from side to side. The 
outer wallis uneven, and presents several appendages - 
and even the inner wallor septum,though vertical when 
regular, is often deflected considerably to one side, so 
as to render the two fossze very dissimilar in size ang 
‘shape. The anterior and posterior orifices of these 
fosse having been already described (123, 124), the 
four walls only remain for eXamination. 

135, Watts. Upper or vault. Fermed in the 
middle by the cribriform plate of the ethmoid bone, 
which is horizontal ; in front by the nasal bones, which 
slope downwardand forward; behind, by the under sure 
face of the body of the sphenoid, which slopes down- 
ward and backward. Thus the vault hasthree aspects; 
it looks directly downward in the middle, downward 
and backward in front, downward and forward behind. 
The middle or ethmoidal portion is very narrow and 
cribriform ; it is bounded in front by the suture be- 
tween the ethmoid and frontal ; behind, by the suture 
between the ethmoid and sphenoid; internally, by the 
vertical plate; externally, by the lateral mass of the 
ethmoid. It presents nothing of note but the olfac- 
tory foramina. The anterior portion is wider, and 
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bounded externally by the suture between the 
nasal bone and the nasal process of the upper max- 
illary ; internally, by the nasal crest of the nasal 
bone, and the nasal spine of the frontal. It presents 
a longitudinal furrow for a nerve,g and several 
small vascular apertures; it is surmounted by the 
transverse suture between the nasal and frontal bones. 
The posterior portion is the widest of the three ; it is 
formed in front by the sphenoidal turbinated bone ; 
behind, by the under surface of the body of the sphe- 
noid, and of the wing of the vomer; it is concave 
from side to side, but somewhat convex from behind 
forward; it presents the rounded narrow orifice of 
the sphenoidal sinuses, the suture between the vomer 
and sphenoid, and the sphenoidal turbinated bones. 
Lower or floor. Formed in front by the palatine 
plate of the upper maxillary ; behind, by that of the 
palate bone; level from before backward, concave 
from side to side, wider behind than before, widest 
ofall in the middle; longer internally than externally, 
on account of the prominence of the anterior and 
posterior nasal spines. It presents internally the 
cerest which articulates with the vomer; in front, one 
_of the two upper orifices of the anterior palatine canal ; 
and behind, the bevilled, transverse suture between 
the maxillary and palate bones. Inner or septum. 
Formed by the vomer behind; by the perpendicular 
plate ofthe ethmoid / in the middle ; by the nasal spine 


eee 


g@ Internal nasal. 

h The perpendicular plate of the ethmoid varies © 
in size very much. Ihave seen a skull in which it 
‘extended forward a quarter of an inch beyond the 
nasal bones, articulated behind with the whole length 
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and crest of the nasal bones in fron/; by the crest of 
the upper maxillary and palate bones below; it is 
traversed by the sutures between these several bones 
and marked with numerous vascular and neryous 
furrows: it presents in fron¢ a triangular deficiency 
filled by one of the cartilages? of the nose; and 
at its upper part, the oblique lower orifices of several 
olfactory canals.k Outer. This wall is formed in 
front by the nasal process of the upper maxillary, 
and by the lachrymal bone; behind, by the vertical 
plate of the palate bone ; intermediately by the inner 
surface of the upper maxillary, and by the inner sur- 
face of the lateral mass of the ethmoid. It is divided 
by threehorizontal plates of bone which hang from it, 
into three channels, called the inferior, middle, and 
superior, meatus of thenose. Inferior meatus. A hori- 
_Zontal channel, broader in front than behind, open at 
each end and below ; formed externally by the max- 
illary and palate bones; internally and above, by the in- 
ferior turbinated bone. It presents in front the lower 
orifice of the naso-lachrymal canal.1 This canal is 
formed chiefly by the upper maxillary bone, but is com- 
pleted internally by the lachrymal bone, and by the 
lachrymal process of the inferior turbinated bone. It 
is nearly round, but slightly compressed from side to 
side ; it is narrower in the middle than at its extre- 
mities ; and it curves outwards a little as it ascends 


of the vomer, and entered below into the groove 
formed between the upper maxillary bones, 

7 The triangular cartilage. 

k Which open above in the cribriform plate, and 
transmit filaments of the olfactory nerves. 

1 Transmits the nasal duct. 
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to join the lachrymal groove.m fiddle meatus. A 
horizontal channel, broader in front than behind, 
and open at each end and below ; formed above and 
internally, by the middle turbinated bone (a curved 
spongy plate of the ethmoid, that has been already 
described) ; bounded below by the inferior turbinated 
bone; and presenting externally, from before back- 
ward, the following objects; Ist, part of the inner 
surface of the nasal process of the upper maxillary ; 
2ndly, part of the inner surface of the anterior division 
of the lachrymal bone, the little holes by which it is 
perforated, and the sutures which it forms with the 
upper maxillary in front, and with the ethmoid be- 
tween; 3dly, behind the lachrymal, part of the inner 
wall of the ethmoid cells above, part of the inner wall 
of the maxillary sinus below, and intermediately the 
horizontal ethmoido-maxillary suture ; 4thly, behind 
the maxillary bone, part of the inner surface of the 
nasal plate of the palate bone, This meatus presents 
two apertures; Ist, near its anterior extremity the 
lower orifice of the long funnel-shaped ethmoid cell, 
called the infundibulum, by which it communicates 
with the other anterior ethmoid cells, and through 
them with the frontal sinuses; 2dly, at the middle of 
its outer wall, the entrance of the antrum, contracted 
by the ethmoid above, the palate bone behind, and the 
inferior turbinated bone below. This meatus is of 
much less extent than the inferior ; it occupies little 
more than the middle two fourths of the outer wall. 
Superior meatus. A horizontal channel occupying 
the posterior third of the outer wall, much shorter, 
and altogether smaller, than the others, open behind 


pee gg 


m Lodges the lachrymal sac. 
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and below, and closed in front by the posterior wall 
of the anterior ethraoid cells. Its zener wall is 
formed by the upper turbinated bone (a little curved 
spongy plate of the ethmoid, which has been before 
described); its owéer wall is formed, behind by part 
of the inner surface of the neck of the orbitar process 
of the palate bone, in front by the inner surface of 
the lateral mass of the ethmoid ; it is bounded above 
by the floor of the posterior ethmoid cells. This 
Meatus presents two apertures; the spheno-palatine 
forumen,n at the posterior extremity of its outer 
wall; the entrance of the posterior ethmoid cells at 
the anterior extremity of its upper wall. Above 
and in front of this superior meatus, the outer wall 
of the nasal fossa is formed by the rough inner sur- 
face of the lateral mass of the ethmoid, which pre- 
sents the oblique aperture of several olfactory canals. 

136, The nasal fossse are formed by the vomer, 
sphenoid, ethmoid, upper maxillary, palate, frontal, 
nasal, lachrymal, sphenoidal turbinated, and inferior 
turbinated, bones. 


OF THE TEMPORAL FOSS. 


137. That part of each temporal fossa which be- 
longs to the cranium has been already described. (66) 
When the skull is entire this fossa is completed at its 
lower and external part by the zygomatic arch, a hori- 
zontal bony projection, formed by the temporal and 
malar bones. This arch, which is wider in front than 
behind, convex externally, concave internally, and 
traversed by the oblique suture between the posterisr 


nm Corresponds to Meckel’s ganglion, and transmits 
the spheno-palatine vessels and nerves. 
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angle of the malar and the zygomutic process of the 
temporal, encloses an empty space, filled up in the 
recent subject by a muscle.o The temporal fossa is 
completed at its lower andanterior part by the upper 
portion of the malar bone, and is separated to a cer- 
tain extent from the zygomatic fossa by a ridge which 
runs from the anterior root of the zygoma transverse- 
ly across the temporal and greater wing of the sphe- 
noid. In front of this ridge the two fosse seem to 
run into each other, and cannot be very accurately 
defined ; a difficulty, however, which is of no practi- 
cal importance. 

Thetemporal fossa is formed by the temporal, pari- 
etal, frontal, sphenoid, and malar, bones. It is occu~ 
pied by a large muscle, o to which it also gives origin. 


OF THE ZYGOMATIC FOSS. 


138. Two irregularly shaped spaces, situated one 
on each side of the head, and bounded, behind, by 
the posterior border of the pterygoid process of the 
sphenoid; infront, by the ridge which descends from 
the malar process of the upper maxillary ; below, by 
the alveolar border of the upper maxillary ; and 
above, by the horizontal ridge described in the last 
section. ‘The space thus circumscribed will be 
observed to consist of two portions; an anterior and 
larger, formed by the zygomatic surface of the upper 
maxillary bone; a posterior, formed above by part of 
the greater wing of the sphenoid, below by the ptery- 
goid process, and by a narrow slip of the vertical 
plate of the palate bone which intervenes between the 
pterygoid process, and the upper maxillary bone. (87) 


o Temporal. 
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The anterior portion is convex, and presents, near 
the middle, the upper orifices (two or three in num- 
ber) of the posterior dentar canals. ‘The posterior por- 
tion is concave, and gives attachment to a muscle. p 
(The spine ofthe sphenoid very often stretches for- 
ward and joins the outer plate of the pterygoid process, 
forming with italarge foramen. This is a mere acci- 
dental hole of no importance, and never mentioned 
by anatomists; nor should I notice it here, but that 
it is apt to perplex aninexperiencedeye.) These two 
portions of the zygomatic fossa are separated by the 
pterygo-mavillary fissure, a trangular interval formed 
‘by the divergence of the maxillary bone from the 
pterygoid process. It opens a communication be- 
tween the zygomatic and spheno-maxillary fosse, 
unites at a right angle with the spheno-maxillary 
- fissure, and transmits vessels. ¢ 


OF THE SPHENO-~MAXILLARY FOSS. 


139. These are two small triangular fosse situated 
one on each side, beneath the apex of the orbit. 
Its base, or upper wall, is formed by a small part of 
the under surface of the body of the sphenoid; its 
posterior wall is formed by the anterior aspect of the 
pterygoid process ; its an/erior wall by the posterior 
surface of the upper maxillary ; its inner wall by the 
vertical plate of the palate bone. — Its outer wall is de- 
ficient, being substituted by the pterygo-maxillary 
fissure just described ; its apex is formed by the ap- 
proximation of the pterygoid process to the maxillary 
Pema 6 10) Fay Pe a ost ls oo 

p External pterygoid. 
q Internal maxillary. 
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tuberosity. The sphenotdal, spheno-marillary,r and 
pterygo-maxillary fissures terminate in this fossa ; 
here seeming to run into each other like the fissures 
in a starred paneof glass, In its posterior wall there 
are three orifices; ist, the anterior orifice of the 
foramen rotundum;s Qdly, inferior and internal to 
that, the anterior orifice of the vidian canal; t 3dly, in- 
ternal] and a little inferior to that, the anterior orifice 
of the pterygu-palatine canal.u In its internal wall 
is seen the spheno-palatine foramen, v by which it 
communicates with the nasal fosse ; while its lower 
extremity or apex is perforated by the superior orifice 
of the posterior palatine canal w (as will be seen by 
passing a bristle up from below). Besides these 
larger openings this fossa presents, near its apex, the 
superior orifices of two or three little accessory pos- 
terior palatine canals x (which have already been 
described as opening below on the tuberosity of the 
palate bone. (87) 

140. This fossa, then, is formed by the sphenoid, 
upper maxillary, and palate bones; communicates 


x This fissure opens a communication from the 
orbit into the temporal, zygomatic, and spheno-max- 
illary fosse. 

s Transmits the superior maxillary nerve, which 
is the second division of the 5th. 

¢ Transmits a nerve and vessels of the same name. 

uw Transmits vessels and nerves of the same name. 

» Corresponds to the ganglion of Meckel, and 
transmits the spheno-palatine vessels and nerve. 

w Transmits vessels and a nerve of the same name. 

« ‘Transmit small vessels and nerves of the same 
name. 
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with the orbitar, nasal, and zygomatic fosse, and 
with the cavity of the cranium; presents five aper- 
tures, and is the meeting-point of three large fissures. 
The relative position of these openings, and the 
boundaries of the cavity itself, should be carefully 
Studied ; being essential to an accurate acquaintance 
with the distribution of several important vessels and 
nerves contained in this fossa, 


| OF THE CRANIO-FACIAL SUTURES, 


141. These are not very numerous; nor have they 
received particular designations. Like the other 
sutures they are best distinguished by names, com- 
pounded of those of the bones between which they 
are respectively formed. 

In the centre appears a horizontal suture formed 
_ by the junction of the nasal bones, and the nasa! pro- 
cesses of the upper maxillary bones, on the one hand, 
with the nasal notch ‘of the frontal on the other. 
This suture surmounts the nose, and is continuous on 
each side with a very short horizontal suture formed 
_ between the lachrymal and the internal angular pro- 
cess of the frontal. This last is continuous with 
the vertical suture between the lachrymal and eth- 
moid ; and this again meets at right angles the hori- 
zontal suture between the ethmoid and upper max- 
illary. These three last-mentioned sutures are with- 
in-the orbit, and to its inner side. At its outer side 
is observed the meeting of the malar bone with the 
frontal above, and the sphenoid below. Still more 
externally appears the oblique bevilled suture, formed 
between the posterior inferior angle of the malar, 
and the zygomatic process of the temporal bone. 
Quite at the back of the face there is a vertical 
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suture formed by the junction of the pterygoid pro- 
cess of the sphenoid with the nasal plate of the palate 
bone. Two articulations within the nasal fossee, one 
a schindylesis (see table, § 8) between the vomer and 
sphenoid, the other an apposita between the eth- 
moid and the ethmoidal process of the inferior tur- 
binated bone, make up the list of sutures formed by — 
the junction of cranial with facial bones. 


FORM AND STRUCTURE OF THE FACE. 


The face, like the cranium, presents considerable 
varieties of form and relative size, at different periods 
of life, and in different races of mankind. In the 
foetus, the alveolar arches, still containing the germs 
of the teeth, are large and prominent; the non- 
development of the antrum contracts, in every direc- 
tion, the middle region of the face; and the great 
size of the forehead and orbits, already advancing 
towards maturity, givesa disproportionate expansion 
to its upper, part. In the adult, its middle region 
gains in every dimension by the development of the 
maxillary sinuses, while the growth of the teeth in- 
creases its vertical extent, and renders the angle of 
the jaw lessobtuse. In old age, the fall of the teeth 
gives rise to a series of changes, well known in their 
effects on the features during life, and already re- 
counted in the description of the lower jaw. On the 
national peculiarities of the face, we shall have to 
touch briefly in the general review of the skull. — Its 
structure, and the arrangement of its parts, furnish 
a very good illustration of the mechanical principles 
on which the whole skeleton is framed. Examined 
from without, the face presents, in every direction, 
thick, bony arches, well adapted for the resistance of 
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mechanical violence; while its interior is constructed 
of fragile lamin, and slender processes, extremely 
irregular in form and disposition. The rationale 
of this arrangement scarcely requires explanation. 
Strength would be obviously superfluous in parts 
which derive from their position an adequate secu- 
rity ; and their attenuation allows additional density 
and strength to be thrown into the surrounding 
arches, without increasing the mean weight of the 
whole structure.—It is never indeed for its absolute 
Strength that we admire the architecture of the 
“house in which we live.’ A blacksmith might 
forge a stronger skeleton. But there would be 
nothing admirable in its ponderous mechanism, and 
redundant strength. The characteristics which dis- 
tinguish the workmanship of Nature, and excite a 
discriminative and judicious admiration, are found 
in the rigid economy conspicuous in every part,—the 
diversified application of each single contrivance,—the 
effective employment of apparently insignificant ad- 
vantages,—the accurate adjustment of the capabilities 
of each organ to the special function which it is de- 
signed to perform, and the particular strain which it 
has to support,—the elasticity of one, the rigidity of 
another, the tenuity ofa third, the density of a fourth ; 
and the wonderful combination of lightness and dura- 
bility which results to the fabric, considered as a whole. 


PROPORTIONS OF THE SKULL. 


142, As the cranium contains the organs of in- 
tellect, and the face the apparatus of sense, the 
relative size of these two divisions of the skull serves 
to indicate the relative development of the mental 
and physical faculties, in different classes of animals, 
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and different individuals of a class. This circum. 
stance gives great interest to the comparative 
mensuration of the skull; and since Daubenton 
opened the subject, y in 1764, it has been minutely 
studied by several eminent anatomists. I propose 
in this section to give a slight sketch of the different 
methods which have been adopted for determining 
the relative proportions of the skull, subjoining a 
short account of its peculiar character in the three 
great families of mankind, and concluding with a 
few observations on its development, structure, and 
use. 

Direct MEASUREMENT. This, the most obvious 
method of ascertaining the proportions of the skull, 
has been employed by several anatomists. The 
following table exhibits the dimensionsof the cranium 
according to Bichat and Bourgery, together with the 
average size of three well-proportioned, moderately - 
developed European skulls, measured by me :— 


y Long before Daubenton wrote, Albert Direr 
gave extremely laborious admeasurements of the 
head, in almost every possible view. He also in- 
vented a facial, a nasal, and a maxillary line (de- 
scribed in his great work ‘de Symmetria Partium 
in Rectis Formis Humanorum Corporum,” published 
in 1553). But he studied the subject merely as a 
painter; its physiological bearings were first con- 
sidered by Daubenton, as stated in the text. I men- 
tion this particularly, because Craveilhier; and others, 
appear to attribute to Camper the merit of originating 
this inquiry. 
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DAUBENTON’s occipital angle. ‘This angle is de- 
signed to show the position and inclination of the 
occipital foramen. A line is drawn from the posterior 
extremity of the margin of the occipital foramen to 
the lower border of the orbit ; and another from the 
posterior extremity of the margin of the occipital 
foramen, over the convexity of the occipital condyle. 
The angle formed by these lines will obviously in- 
crease as the foramen magnum is placed further back, 
and deviates more and more from the horizontal 
position. It is stated by Daubenton to be 3 deg. 
in man, 34 deg. in the oran-otang, and somewhat 
more than 90 deg. in those quadrupeds which in this 
respect present the greatest contrast to the human 
species. In the most perfect form of the human 
skull the plane of the occipital foramen is horizon- 
tal; and its position is such that a line drawn trans- 
versely across the base of the cranium, half-way be- 
tween the occipital tuberosity and the upper incisors, 
passes through the anterior extremity of the foramen 
magnum. 2 
See ee ee ee ae 

z The purpose of Daubenton’s angle has been fre- 
quently misunderstood. Cruveilhier says, “ L’angle 
facial ne fournissant aucune donnée sur la capacité 
des régions postérieures du crane, Daubenton a eu 
specialement en vue cet objet dans la mesure qui 
porte le nom d’angle occipital de Daubenion ; mais 
cette mesure, comme toutes les mesures lJineaires 
appliquées ala détermination de la capacité du crane 
sont necessairement inexactes.” I have not, found 
the design here attributed to Daubenton, either 
expressed or implied in his original paper ; and the 
objection founded on this erroneous assumption is, 
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Camper’s Facial Angle. To form this angle, a 
facial line is drawn from the most prominent point 
of the forehead to the most prominent point of the 
upper jaw. This is intersected (according to Cam- 
per’s original method) bya second line, drawn from 
the external aperture of the meatus auditorius to the 
base of the anterior opening of the nose. Other 
anatomists have drawn the second line from the aper- 


of course, invalid. The real source of fallacy in 
Daubenton’s angle appears to be, that it depends, in 
a great measure, on the prominence of the occipital 
condyles, instead of simply indicating the position 
and inclination of the foramen magnum. For in- 
Stance, in the porpoise, the occipital condyles are very 
large, but project very little beyond the plane of the 
foramen; in the tiger they are much smaller, but 
extremely prominent; and though, in point of fact, 
there is adifference of full 20 degrees in the inclina- 
tion of the occipital foramen in these two animals, 
yet Daubenton’s angle is nearly alike in both. 
Blumenbach and Lawrence direct the second line to 
be drawn in the plane of the foramen itself, and this 
is doubtless a more certain method ; but it reduces 
the angle considerably. However, in all the human 
skulls which I have measured by Daubenton’s 
Original method, I have found the angle nearer 10 
or 12 deg. than 3 deg. Blumenbach considers the 
angles both of Camper and Daubenton useful for the 
distinction of animals, but insufficient to determine 
the varieties of the human species. The former 
angle he often found the same in skulls of different 
nations, while the latter as frequently varied in skulls 
of the same nation. 
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ture of the ear to the most prominent point of the 
lower jaw, @. e. to the inferior extremity of the facial 
line. (Camper’s own figures do not, by any means, 
correspond as to the direction and point of junction 
of the two lines;a though the whole utility of the 
angle, as a comparative measurement, obviously de- 
pends upon uniformity in this respect.) The facial 
angle is stated to be about 70 deg. in the Ethiopian 
variety of mankind, about 75 deg. in the Mongolian, 
and from 80 to 85 deg. in the Caucasian division. In 
the Oran-otang it is 30 deg. (Owen db), in the Mastiff 
41 deg., in the Horse 23 deg. The Grecian sculptors 
increased it to a right angle (90 deg.) in representing 
sages and heroes; and when they wished to convey 
an idea of super-human intellect, as in the statues of 
Apollo and Medusa, they extended it to 100 deg. c 


a See, for example, his first plate, figures 2 and 3, 
in which the basial line passes considerably below the 
meatus auditorius externus, 

b Lawrence states it to be 58 deg , other naturalists 
as high as 64 deg. These errors have arisen from 
the examination of the skulls of young oran-otangs 5 
as Mr. Owen has shown in his paper on the osteo- 
logy of the chimpanzee and oran-otang. Zool. Trans. 
yo). i. 

ce The transcendental anatomists attach great im- 
portance to the angle at which the nasal bones join 
the cranium. They regard the coccygeal bones, the 
sacral and spinal vertebre, the segments of the cra- 


= 


nium, and the bones and cartilages of the nose, as — 


forming one continuous hollow column, designed for 
the reception of the central organs of animal life. 
Fach extremity of this column is rudimentary, the 
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BaRciay’s Basi-fucial angle.—Dr. Barclay, ob- 
Serving that the apertures of the ear and nose differ 
coccygeal bones being vestiges chiefly of the bodies 
of vertebre, the nasal bones and cartilages being 
vestiges chiefly of the lumine of vertebra. The 
transcendentalists also trace an analogy between the 
ribs of the thorax, the lateral walls of the pelvis, and 
the upper maxillary bones (with several other por- 
tions) of the skull: all these bones belonging toa 
series destined for the protection of the organs of 
vegetable life. Hach pair of ribs in the thorax, and 
each pair of bones analogous to ribs in the pelvis and 
face, is called a proto-vertebra. Each segment of the 
continuous column formed by the coccygeal bones, 
the sacral and spinal vertebra, the cranial segments, 
and the bones and cartilages of the nose, is called 
(whether enormously developed, as in the cranium, 
or reduced to a mere vestige, asin the coccyx and 
nose) a deuto-vertebra. This explanation will suffice 
to render the terms employed, ead the analogies as- 
sumed, in the following observations, intelligible to 
the reader: for fuller information he is referred to 
the transcendental writings of Carus. In the lower 
vertebrated animals the deuto-vertebral column is 
straight, or nearly so, from end to end. In the 
higher orders it is curved, and presents two angular 
changes of direction ; one at the junction of the spinal 
vertebre with the cranium, the other at the junction 
of the cranium with thenose. The variations of the 
former of these angles are shown by Daubenton’s 
measurement ; and they are found to indicate cor- 
rectly the rank of different species in the animal 
kingdom ; the species rising in the scale, as the angle 

L2 
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considerably in position in different animals; and 
that even in man the aperture of the ear is lower 


becomes more abrupt. Analogy leads the transcend- 
entalists to attach a similar importance to the varia- 
tions of the second angle; and a comparison of the 
heads of different races of men seems to corroborate 
this opinion. To the transcendental philosophers, 
moreover, the relative development of the proto- 
vertebral and deuto-vertebral series of bones, has an 
important signification ; a superior development of 
the deuto-vertebral column indicating a predomi- 
nance of the organs of animal life, over those of the 
merely vegetable functions. For instance, a dimi- 
nution in the size and prominence of the maxillary and 
inter-maxillary bones (or second and third facial 
proto-vertebre), as compared with the lateral and 
alar cartilages of the nose (or second and third facial 
deuto-vertebree), is an improvement in the shape of 
the head. To furnish a strong contrast, illustrative 
of these views, we may compare the Greek human 
skull with the head of the lamprey. In the former 
the axis of the vertebral canal forms nearly a right 
angle with that of the cranium, the direction of the 
nose approaches the vertical, the inter-maxillary 
bone (or third facial proto-vertebra) is rudimentary _ 
(some say altogether deficient), and the upper jaw 
(or second facial proto-vertebra) falls back consi- 
derably from the nose, so as to lie almost entirely 
beneath the cranium. In the lamprey these rela- 
tions are exactly reversed ; the spinal, cranial, and | 
nasal axis form a right line: and the last proto-ver= 
tebra, instead of being rudimentary, is developed | 
into a perfect ring, completely usurping the place of 
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during infancy than in the adult ; and further obsery- 
ing that these variations are independent of the ge- 


the last deuto-vertebra, of which not a vestige is to 
be found. Between these opposite extremes there 
are many intermediate degrees. in the negro head, 
for example, the vertebro-cranial angle is more ob- 
tuse than in the Greek ; the nasal line slopes con- 
siderably forward, and the upper jaw projects so far 
that the lips are thrust out almost to a line with the 
extremity of the nose. In the simie all these cha- 
racters are exaggerated; the vertebro-cranial and 
eranio-nasal angles are still more obtuse; and the 
upper jaw projects beyond the tip of the flattened 
ill-developed nose. Guided by these principles I 
would suggest the following as an approximative 
method of estimating the proportions of the skull in 
different races of men. Carry a line (ab) from the 
occipital tuberosity to the root 
of the nose (7. e. the centre of 
the naso-frontal suture): meet 
this, behind, by a prolongation 
of the axis of the vertebral fo- 
ramen (df); in front, by the 
line (a c) representing the pro- 
file of the nose. The angles 
dfa and fac thus formed, in- 
_dicate the sudden bends of the deuto-vertebral 
column in this region. Lastly, draw the facial line 
(a e) from the root of the nose to the prominence of 
the upper jaw, so as to form a third angle (fae). 
The difference between the anglos fae and fac 
indicates the relative position of thi nose and upper 
jaw. As these three angles dfa, fac, and fae, 
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neral proportions of the skull;d@ retained Camper’s 
facial line, but drew the second or basial line along the 
under surface of the palate, continuing it forward to 
meet the facial line in front, of the alveolar process. 
His reasoning, so far as it goes, is just ; and his angle 
not only more accurate, but more easily measured 
than Camper’s, especially with the craniogoniometer 
invented by Dr. Leach, which indicates the span of 
the angle on a graduated arc. 

Cuvirr’s Method.—Cuvier disapproves of Camper’s 
facial line, because it is liable to vary with the thick- 
ness of the walls of the cranium, the prominence of 
the frontal sinuses, e &c. He therefore makes a ver- 
tical section of the skull, and measures the areas of 
the cranium and face. In the European skull the 
area of the cranium is to that of the face as 4 to 1; 
in the negro the face is larger by one fifth. ¢ 


become less obtuse, and as the difference between the 
second and third increases by the recession of the 
upper jaw, the proportions of the head improve, and 
its form approaches ideal perfection. 

d This is shown by the fact, that the facial angle 
in the porpoise is about 90 deg., and in the dolphin 
still greater—almost equalling that.of the Greek 
statues of the gods. 

e Jn a Scythian skull at King’s College, the pro- 
minence of the frontal sinuses adds nearly 3 deg. to 
the facial angle. 

f Soemmering and Bonn found the nasal fosse 
and the sinuses connected with it remarkably large 
in the negro face, an observation quite in accordance 
with the well-known acuteness of the sense of smell 
in the negro trihes. 
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'TIEDEMANN’S Method. Professor Tiedemann deter- 
mines the capacity of the cranium by ascertaining 
. the weight of millet-seed it is capable of containing. 
The weight of the skull is taken, first while empty, 
afterwards when filled; and the difference represents 
its capacity in ozs. and drs. It is an extremely sim- 
ple and accurate method. The ouly precaution ne- 
cessary to render the results of different observers 
comparable, is to ascertain the weight of the millet- 
seed employed; which I am informed is liable to 
vary as much as two oz. ina quart.g Ihave already 
given a specimen of the results furnished by this 
plan (64); for further information the student may 
consult Tiedemann’s origina] paper in the Phil. Trans. 
for 1836. 

BLUMENBACH’S norma verticalis. OWwnNn’s norma 
bastalis.—These methods consist in ranging the skuils 
to be compared in an even line, and then contem- 
plating them, in the vertical method from above, in 
the basial method from below. They are not in- 
tended to furnish definite numerical results, but they 
afford to the practised eye a collective view of the 
most characteristic national peculiarities of the cra- 
nium and face. Each method has its peculiar ad- 
vantages ; Prichard gives the preference to Owen’s. 
The norma verticalis, adopted by Blumenbach in the 
classification of his extensive collection of skulls, de- 
veloped those strong differential characters which led 
to the establishment of the three great divisions of 
mankind, known as the Caucasian or meso-bregmate, 
the Ethiopian or steno-bregmate, and the Mongolian 


g Of the millet-seed I used, 3 quarts weighed 
exactly 5 Ibs. 


152 PROPORTIONS OF THE SKULL, 


or platy-bregmate varieties. _ I subjoin a short ab- 
stract of the most important of these characters. 

CAUCASIAN, or meso-bregmate skull. This is the 
most perfect form of the skull; the standard form — 
from which the two others are deviations in opposite 
directions. The meso-bregmate cranium is rounded 
and symmetrical, its posterior extremity bears to the 
anterior the proportion of about 3 to 2, and it has a 
capacity which may be represented {as compared. 
with the other forms) by 40. (‘'iepEMANN.) The face 
is oval, and in no part strikingly prominent ; its area, 
asshown by a vertical section, bears to that of the 
eranium the proportion of 1 to 4. 

ETnioriaN, or Steno-bregmate Skull. This form: 
conveys the idea of lateral compression, and is called 
by Dr. Prichard the prognathous. The cranium is 
narrow, and elongated from before backward; and 
its capacity is equal to 37. The fuce is also nar- 
row ; its area, as shown by a vertical section, is 1-5th 
larger, in proportion to the cranium, than that of the 
Caucasian faee; the cheek-bones, jaws, and incisor 
teeth, project considerably forward, while the nose is 
flat. The muscular impressions, both of the era- 
nium and face, are deeply marked ; the temporal 
fossa is large, aud the temporal ridge prominent, in- 
dicating a considerable development of the muscle 
that moves the jaw; in correspondence with which 
appearances the jaw itself is large and strong, and the 
teeth are very perfect and durable. 

MonGoulAn, or Platy-bregmate Skull. This form 
conveys the idea of lateral expansion. The cranium is 
broad and square, and has an ayerage capacity of 39. 
The face is square and flat; the cheek-bones and 
zygomatic arches project very much laterally ; the 
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nasal bones scarcely appear beyond the glabella, ¢ 
which is broad; the jaws are wide, and the dental 
arches but slightly convex in front. 

The first of these three forms is exemplified in the 
Europeans ; the second in the Africans; the third 
in the native tribes of America. Each of these great 
classes is subdivided into sections presenting par- 
ticular modifications of the general form; and these 
groups are further liable to individual deviations, 

In concluding this section on the proportions of 
the skull, I may perhaps be permitted to describe a 
modification of Tiedemann’s method, by which I have 
obtained some interesting results as to the relative 
capacity of the anterior and posterior segments of the 
eranium in different races of men. The skull being 
held with the face downward, and the long axis of 

the cranium in a vertical position, millet seed is 
poured into it until that space which lies in front of 
the anterior extremity of the occipital foramen is 
exactly filled. It is then weighed. The difference 
between the weight thus obtained, and that of the 
empty skull, gives the capacity of the anterior seg- 
ment of the cranium. Again, the difference between 
this weight, and that of the skull entirely filled, with 
the seed, according to Tiedemann’s method, gives 
the capacity of that segment of the cranium which 
lies behind the anterior border of the occipital fora- 
men. The sphenoidal fissures, and the apertures in 
the base of the cranium, should be lightly stopped 
with tow or cotton during these experiments, a pre- 
caution which must also be observed in practising 
ne eG Sl wean ily PS rhea Dol pn dees 
'¢ The space between the eyebrows: so called be- 
cause it is destitute of hair. 
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Tiedemann’s method. ‘The table on the opposite 
side will show the nature of the results furnished by this 
method of research. The skulls marked B. H. belong 
to the museum of Bartholomew’s Hospital, those 
marked G. H. to Guy’s. ‘The weight used is avoir- 
dupois ; and the three Jast columns are reduced into 
drs. to facilitate comparison. 

An extensive series of these researches is required 
to neutralize casual errors, and furnish exact average 
conclusions; but we may safely infer, in general 
terms, from the few observations in this table, that 
in the Esquimaux, Chinese, African, and Flat-head 
Indian, the anterior segment of the cranium is 
less capacious than the posterior ; while in the 
German, Hindoo, and Grecian, these proportions 
are reversed: and further, that even when the 
greater capacity of the entire cranium seems at first 
sight to place the African, or even the Flat-head 
Indian, above the German or Hindoo skull, a com- 
parison of the capacity of the anterior segments, 
immediately re-establishes the superiority of the 
latter. (Compare for instance the eighth in the table 
with the third; or the last with the second.) 

DEVELOPMENT. The foetal skull is distinguished by. 
the great relative size of the cranium, and by various 
indications of the as yet imperfect development of 
the bones. ‘The centres of ossification are large and 
prominent ; the radiating fibres can be traced on the 
surface ; the nutrient foramina are numerous. Several 
parts are still separate epiphyses—as .the styloid 
process; others are undeveloped—as the mastoid 
process, the sinuses, and the meatus auditorius exter- 
nus. The fronial and sphenoid are each divided 
into two pieces, the occipital into four, and the 
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temporal into five. The bones of the vault are thin, 
- very slightly denticulated at the edges, and not in 
contact with each other, so that they can yield by a 
mutual overlapping to the temporary pressure of 
parturition. The angles of each parietal bone, 
being the furthest from the centres of ossification, 
remain for some time incomplete, aud leave six 
spaces only closed by membrane. ‘These are called 
the fontanelles of the cranium (from an old notion 
that the humours of the brain flowed out through 
them). The two largest are placed in the median 
line, one at each end of the sagittal suture; the an- 
terior of these is called the larger, and the posterior 
the lesser fontanelle. The larger fontanelle has 
been already mentioned in the description of the 
parietal bone; it is of a lozenge shape, formed, pos- 
teriorly, between the two parietal bones, and an- 
teriorly, between the two lateral halves of the frontal 
bone. This fontanelle, which is the last to close, 
finally disappears at about the age of four years. 
The remaining four are situated laterally, one at 
each end of each squamous suture. Towards adult 
age, all these deficiencies are supplied ; the face guins 
in size by the expansion of the sinuses; and the 
progress of ossification converts many membranous 
and cartilaginous parts into bone, obliterates the 
temporary sutures, fixes the epiphyses, and fills up 
many of the nutrient holes, now no longer necessary. 
In old age the deposition of calcareous matter oblite- 
rates by degrees even the more permanent sutures, and 
renders the parietes of the cranium dense and brittle; ; 
the teeth are shed, and the lower jaw undergoes the 

gradual changes in shape and position consequent on 
their loss. (110) 
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STRUCTURE AND Uses. ‘The skullis designed to 
contain and protect the delicate organization of the 
brain and its dependencies ; a purpose for which it is 
very well adapted by several advantages of situation 
and structure. Thus, it is placed on the top of an 
elastic column, and within the range of two limbs 
which, on the approach of danger, rise instinctively 
for its defence. Inshape, it is an egg-like dome, 
with walls which are tough externally, spongy in the 
middle, and extremely dense and hard within; a 
triple structure which enables them to deaden much 
of the force of concussion, and to oppose a con- 
siderable resistance to the residue. The floor of the 
cranium presents four strong wedges, diverging from 
a common centre; viz., the body of the sphenoid in 
front, the basilar process of the occipital behind, and 
the petrous process of the temporal on each side. 
The sides of these wedges are only connected by the 
interposition of plates of cartilage; so that they are 
not rigid, but capable of yielding a little to mechani- 
cal violence. The roof of the cranium consists of 
broad bones, alternately overlapping and overlapped 
at the borders, soas to afford each other a mutual 
support. They are united above by strong inter- 
locking teeth, and prevented from starting outward 
below by the ascending processes of the temporal 
and sphencid (which latter bone—well called the 
key-bone of the skull—curves its greater wings up- 
ward, to bind together the vault of the cranium, and 
its pterygoid processes downward, to hold in appo- 
sition the two lateral divisions of the face). The 
roof of the cranium is further strengtliened by tubero- 
Sities at all the exposed points, and by two strong ribs 
(analogous to the groinings of architecture), which 
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run round it, one in the longitudinal, the other in 
the transverse direction, crossing each other behind at 
the occipital protuberance, and abutting below upon 
the wedges of the floor. Theseribs correspond to clefts 
in the cerebral mass, and can therefore transmit con- 
siderable vibrations without affecting its substance ; 
a provision of great importance, because concussions 
or violent vibrations of the brain are often more 
fatal than laceration, or even partial destruction, of 
its substance. 

With this brief analysis of its structure and me- 
chanism we conclude the descriptive anatomy of 
the skull—the most strongly fortified part of the 
skeleton—the very citadel. as it were, of life. And in 
quitting the subject, we may take occasion to observe, 
with what an admirable economy Nature has col- 
lected around this stronghold the delicate organs of 
the principal Senses—which are thus adequately 
protected without additional expense, and, at the 
same time, like sentinels at the gates of a fortress, 
contribute to the security of which they partake, 
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Under this head we proceed to describe the audi- 
tory chambers of the petrous process of the temporal 
bone, and the ossicula auditis, or little bones of hear- 
ing, therein contained. 

The auditory chambers. of the temporal bone, 
enumerated from without inward, are the following: 
—lIst. The external meatus ; 2dly. The tympanum, 
or middle ear, which contains the ossicula auditis ; 
3dly. The labyrinth, or internal ear, consisting of 
three distinct portions, placed in a line one before the 
other, viz., the vestibule in the middle, the cochlee 
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in front, the semicircular eanuls behind; 4thly. The 
internal meatus. 
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144, This canal leads from the exterior of the 
skull, into the tympanum. Its external orifice 
(which we have already described (60) ) has the 
squamous portion of the temporal above it, the 
mastoid process behind, and the glenoid cavity in 
front. From this point it runs inward and a little 
forward, forming in its course a slight curve the 
convexity of which is directed upward and backward, 
and terminating in the external orifice of the tym- 
panum. Now this orifice, in the recent subject, is 
closed by a membrane (membrana tympant) stretche 
across it ; and it is so inclined, that a line drawn per- 
pendicular to the outer surface of that membrane, 
passes, not directly outward, but outward, downward, 
and forward; and as the obliquity is at the expense of 
the upper and posterior walls of the meatus auditorius 
externus, it follows that this passage is longer at the 
lower than at the upper part, and also in front than 
behind. It is smaller at its inner than at its outer 
extremity, and slightly contracted, like an hourglass, 
in the middle. Its vertical transverse section is of 
an oval form, with the greatest diameter from above 
downward. The length ofits axis in the adult is about 
ten lines. 7 The anterior and inferior portions of 
this canal are formed by a curved osseous lamina, 
which presents a rough edge externally, contributes 
in front to form’ the glenoid cavity and vaginal pro- 
cess, and blends above and behind with the rest of 


J A line is one-twelfth of an inch. 


o 
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the bone. In the foetus this lamina is a mere de- 
tached ring of bone, incomplete at the upper part; 
so that at this period the external meatus is deficient. 
its external orifice gives attachment to the cartilage 


of the auricle, or ew commonly so called, and it is - 


lined in the recent state by a cartilaginous tube pro- 
longed from the auricle. 
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145. The tympanum is a cavity of irregular form, 
situated just over the jugular fossa, with the carotid 
eanal in front, the mastoid cells behind, the meatus 
externus to its outer side, and the labyrinth or in- 
ternal ear bounding it within. Of its diameters the 
antero-posterior, which is the most considerable, 
measures in the adult about five lines; the vertical, 
which is next in length, averages about three 
lines; and the transverse, which is the shortest, 
measures between two and three lines at the upper 
and back part of the cavity, and between one and 
two lines below and in front. This last diameter is 
subject in life to slight variations, from a cause which 
will be presently explained. The tympanum has 
six ewalls ; an external and an internal, a posterior and 
ail anterior, a superior and an inferior. The two 
first of these walls are flat, and their limits are in- 


ik The student will require a magnifying glass and 
some fine bristles, in studying the minute canals ana 
foramina of the middle and internal ear. An old 
brush supplies the best bristles for this purpose, as 
their ends, rounded and polished by use, slip over 
little inequalities, in which recently cut bristles are 
liable to cateh. 
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dicated by distinct angles; but the four last being 
curved, run into each other, and are only to be 
distinguished by their relative positions. 

Wats. External. Perforated by the oval orifice 
across which, in the recent subject, the membrana 
tympani is stretched ; an orifice which is so large, 
that in the dry bone this wall seems almost deficient, 
only a small portion appearing above and below the 
aperture. The edge of this orifice is grooved, to 
receive the membrane. It is identical with that 
which has already been mentioned as forming the 
inner extremity of the external meatus; and its 
obliquity, which was shown to add length to the 
lower wall of the meatus at the expense of the upper, 
has of course exactly the opposite effect on the tympa- 
num ; increasing the extent of its upper wall at the 
expense of the lower. The outer wall presents three 
small apertures, one behind, the other two before the 
orifice ofthe membrana tympani. The firstis the orifice 
of the iter chorde posterius ; thesecond is the Glaserian 
Jissure ; the third is the orifice of the iter chorde ante~ 
rius. The tter chorde posteriusisa minute canal which 
commences below in the aqueductus Fallopii,near the 
stylomastoid foramen, (60) ascends in front of the 
aqueduct, (164) and opens in the tympanum behind 
the aperture for the membrana tympani, close to 
its margin, and at the level of its centre. This 
canal transmits a nerve.J The Glaserian Jjissure, 
(58) which is said by H. Cloquet, Magendie, and 
others, to traverse the floor of the tympanum, does, 
in fact, open just above the orifice for the membrana 
oj ee ae ee ee ee 

‘ The chorda tympani; a reflected branch of the 
facial, given off by it just before it passes out of the 
aqueductus Fallopii, M 
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tympani, near the point of junction between the an- 
terior, superior, and external walls. This fissure, 
though it presents a length of half-an-inch on the 
exterior surface of the bone, appears within the 
tympanum merely as a little slit, about aline long ; it 
gives passage toa muscle, m to several small blood- 
vessels, and to the processus gracilis of the malleus, 
(149) Just above this opening, appears the tym- 
panine orifice of the iter chorde anterius. Thisisa 
minute canal, which runs obliquely forward, down- 
ward, and inward, parallel to the Glaserian fissure, 
to open in the retiring angle formed between the 
squamous and petrous portions of the temporal 
bone. It lies on the outer side of the Eusta- 
chian tube (to which it is nearly parallel), and 
transmits a nerve.x The membrana tympani, 
which forms the principal part of the outer wall, 
belongs to the soft parts, and must not therefore 
be here described. We may observe, however, that 
it is supplied with muscles by which it may be drawn 
either inward or outward, and that these changes in 
its position produce corresponding variations in the 
width ofthetympanum. Jnternal. This wall is verti- 
eal, and looks directly outward. It is perforated by the 


m Laxator tympani. 

n Chorda tympani.—This nerve is generally said 
by the English anatomical writers to leave the tym- 
panum by the Glaserian fissure. M. Huguier first ob- 
served the separate canal described in the text. 
Several specimens, in my possession, prove his 
account to be correct. I have noticed, however, 
that the two passages sometimes open into the tym- 
panum by a common orifice, from which circum- 
stance the prevalent error has probably arisen. 
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Senestra ovalis, an aperture which leads from the tyme 
_ panum into the vestibule. (163) The fenestra ovalis is 
an irregular ovoid, curved above, but nearly straight 
below. Its long diameter is nearly horizontal, it is 
a little larger behind than before, and its rim is turned 
inward towards the vestibule. It is closed in the 
recent state by the base of the stapes,(150) which 
nearly fits it; a membrane, called the membrana 
Jenestre ovalis, extends from its rim to this bone. 
‘This membrane is exactly opposite to the membrana 
tympani;o0 and is connected with it by the ossicula 
auditis, which stretch like a chain across the tym- 
panum, from one membrane to the other. Below 
the fenestra ovalis is an eminence of a triangular 
form, with its apex directed backward. This is 
called the promontory ; it is hollow, and its cavity 
belongs to the cochlea. (158) It is traversed by 
three grooves, which lead to three minute canals. 
These little passages will be described in the next 
section. The lower part of the promontory is per- 
forated by a triangular hole, improperly called the 
fenestra rotunda. This hole is not seen unless the 
promontory is looked at from below ;' an imaginary 
axis drawn through its centre, would pass from below 
upward, forward, and inward; it leads from the tym- 
panum into the cavity of the promontory, and as that 
cavity forms part of the cochlea, it leads from the zym- 
panum to the cochlea.p It is closed in the recent state 


o The tympanum, on account of these two oppo- 
site membranes, has been compared to a military 
drum,—whence its name. 

p This hole is usually described as being below 
the promontory ; an expression calculated to convey 

M 2 
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_by a membrane, called the membrana tympani secun- 
daria. Ahorizontal rounded eminence passes across 
the inner wall of the tympanum, just above the 
fenestra ovalis, aud behind that opening makes a 
curve, descends nearly vertically on the posterior wall 
of the tympanum, and disappears. This curved emi- 
nence indicates the course of a canal called the 
aqueductus Fallopii, the description of which is de- 
ferred for the present. Justin front of the vertical por- 
tion of this eminence (and consequently behind and be- 
low the fenestra ovalis), there is a little conical emi- 
nence called the pyramid.g Its base is directed down- 
ward ; its apex projects freely into the tympanum, 
being curved forward, so asto point to the posterior 
extremity of the fenestra ovalis. This eminence 
contains a cavity called the jistula, and its summit is 
perforated by a hole. In the recent state, the fistula 
lodges a minute muscle ,r, the tendon of which passes 
out through the hole. The cavity of the pyramid 
is usually said to terminate in a cul de sac. It is, 
in fact, prolonged downward as a canal, which at 
first descends vertically, parallel to the aqueductus 
Fallopii, and only separated from it by a thin osseous 


the erroneous impression that it perforates the inner 
wall of the tympanum beneath that eminence— 
whereas, in fact, itis an aperture in the promontory 
itself. 

q The pyramid, together with the vertical portion 
of the eminence described just before it, belongs to 
the posterior wall. It is described here, in order that 
its relations with the objects on the inner wall may 
be more clearly understood. 

r Stapedius, 
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plate; and afterwards curves forward, and opens on 
the lower surface of the petrous portion, anterior and 
internal to the stylo-mastoid foramen (60). This 
canal communicates with the aqueduct of Fallopius ; 
it sometimes bifurcates below; it gives rise to a short 
horizontal canal, which loses itself in the diploé. 
(These two latter points I give on the authority of 
M. Huguier, the discoverer of the canal; but, of its 
existence, and communication with the aqueductus 
Fallopii, I have satisfied myself by observation.) Just 
in front of the pyramid there is a little depression, or 
nook, occasioned by the eminence of the promontory 
in front, and of the pyramid behind; it is sometimes 
called the sinus of the tympanum, and there are often 
several little bony threads, stretching acrossit from the 
apex of the pyramid to the promontory, and rendering 
the distinction of these parts rather difficult to an 
inexperienced eye. Posterior. This wall is wider 
above than below, and presents at its upper part one 
or more orifices, belonging to a canal or canals, 
leading downward, backward, and outward, into 
the mastvid cells. These are cavities in the mastoid 
process, which vary considerably in number, size, and 
form. Thereare generally three or four large ones 
in the centre, surrounded by others not much exceed- 
ing in size the common cellules of the diploé. They 
all communicate with each other ; but are invested in 
the recent state by a prolongation of the lining mem~ 
brane of the tympanum, which separates them from 
the common cells of the diploé. Beneath the open- 
ing of these cells appear the vertical portion of the 
eminence formed by the aqueductus Fallopit, and the 
pyramid (which were mentioned in the description 
of the internal wall). Anterior. This wall, like the 
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posterior, is wider above than below. It presents 
at its upper part, just at the level of the fenestra 
ovalis, two orifices, situated one above the other, 
which are the posterior apertures of two canals. 
These canals run from the anterior wall of the tym- 
panum forward, inward, and a little downward, to 
the retiring angle formed between the petrous and 
Squamous portions of the temporal bone. Their 
anterior orifices occur in this angle, where they have 
already been pointed out, in the description of the 
temporal bone. (60) The two canals appear to 
result from the subdivision of a single canal, by an 
extremely delicate horizontal lamina, called the 
processus cochleariformis. They are quite parallel 
to each other. The superior and smaller is called the 
canal of the tensor tympani. It is rounded, and 
in the recent state occupied by the small muscle; s 
from which it takes its name. It lies immediately 
beneath the upper surface of the petrous portion ; 
close to the hiatus Fallopii. (60) A minute passage, 
about a line in length, runs from the middle of this 
canal to the groove leading to the hiatus Fallopii; 
it transmits a minute nervous filament.z The pos- 
terior extremity of the canal of the tensor tympani is 
prolonged backward into the cavity of the tympanum, 
forming a little curved conical eminence, strongly re- 
sembling the pyramid, and like it perforated at the 
apex by a hole which transmits the tendon of the muscle 
lodged within its cavity. This anterior pyramid, as it 
may be called, is much more delicate and fragile than 
the posterior pyramid ; insomuch that its upper half is 
s Tensor tympani, or internus mallei. 
t Sent from the otic ganglion to the internus mallei. 
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frequently destroyed in the preparation of the bone, 
and nothing is left of it but a little curved lamina, 
which looks like a mere prolongation of the cochlea- 
riform process ; and, in fact, is usually described as 
such. M. Huguier was the first who gave a correct 
account of the anterior pyramid. I have a bone in 
which this part is nearly perfect, quite sufficiently so 
to show its original size and form. The inferior and 
larger of the two canals under review is the bony 
portion of the Eustachian tube. This canal is seven 
or eight lines long, and runs from the tympanum 
downward, forward, and inward ; its posterior, or tym- 
panitic orifice, is wider that its anterior opening, which 
is joined in the recent subject to the cartilaginous por 
tion of the Eustachian tube ; the entire passage form- 
ing a communication between the tympanum and the 
pharynx. Inferior. This wall is very narrow, and pre- 
sents nothing remarkable except the orifice of one of 
the minute canals of the tympanum. (146) Supe- 
rior. Wider than the inferior, and perforated by 
some pores which transmit small blood-vessels. 


OF THE GROOVES ON THE PROMONTORY, AND THE 
MINUTE CANALS TO WHICH THEY LEAD. 


146. To enable the student to understand 
clearly the relative position of these little passages, 
it is necessary to premise that a small nerve, called 
the nerve of Jacobson, enters the tympanum by a 
hole in its floor near the inner wall, ascends a little 
way onthe promontory, and just in front of the fora- 
men rotundum, divides into several branches. Three 
of these branches run in grooves on the surface of the 
promontory, diverging from each other, to three little 
orifices, by which they finally quit the tympanum. 
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These orifices are the tympanine extremities of three 
little canals which traverse the substance of the pe- 
trous portion, and convey the nervous filaments to 
their respective destinations. We have therefore to 
examine, first, the passage by which the nerve of 
Jacobson enters the tympanum, called after its dis- 
coverer, the canal of Jacobson ; secondly, the three 
grooves which diverge from the tympanine extremity 
of this canal; and lastly, the three minute canals, to 
the tympanine extremities of which the grooves con- 
duct. Before entering on their description, we must 
warn the student that sometimes the canal of Jacob- 
son, instead of opening in the tympanum, ascends in 
the substance of its internal wall and splits into 
three diverging canals, which pursue the same course, 
and become continuous with the same canals, as the - 
grooves we shall presently describe. In these in- 
stances, instead of grooves diverging from a common 
orifice, and leading to three other orifices, we have 
canals concealed within the substance of the lamina 
which forms the promontory ; so that neither grooves 
nor orifices are to be seen on the walls of the tym- 
panum. On the other hand, one or more of the 
grooves may be so superficial as to be scarcely per- 
ceptible, except in the immediate vicinity of the ori- 
fices ; aud I have examined some specimens in which, 
though the orifices were present, no traces of the 
grooves could be discovered, even with a lens. 

The canal of Jacobson commences on the under sur- 
face of the petrous process by a fossula of variable size, 
situated on the crest which separates the lower orifice 
of the carotid canal from the jugular fossa.(60) From 
this point it ascends to the tympanum ; Sometimes per- 
forating the floor of that cavity close to the internal 
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wall, and just beneath the promontory ; sometimes 
ascending a little way in the substance of the lamina 
which forms the promontory, to open just in front of 
the foramen rotundum. It is from this point that the 
three grooves of the promontory diverge. The anterior 
groove runs horizontally forward to an aperture situ- 
ated in the line of junction of the anterior and internal 
walls, not far above the floor. The middle groove runs 
upward and forward to a little aperture, also situated 
in the angle formed by the junction of the anterior and 
internal walls, but much higher up; being on a level 
with, and just internal to, the tympanine orifice of 
the Eustachian tube. The posterior groove, which is 
the deepest and most distinct (and frequently trace- 
able when the others are absent), runs vertically 
-upward to an aperture in the internal wall, close 
under the anterior pyramid (commonly called, the 
processus cochleariformis). Such are the grooves ; 
and from them we pass naturally to the canals, the 
tympanine openings of which we have already no- 
ticed. The canal to which the anterior groove con- 
ducts, runs forward from the above-mentioned orifice 
‘ situated in the line of junction between the anterior 
and internal wall of the tympanum, not far above 
the floor,’ to open in the posterior wall of the carotid 
canal, just where it changes its direction. The canal 
to which the middle groove conducts, commences at 
the orifice, ‘just internal to the tympanine extremity 
of the Eustachian tube,’ and runs forward and inward, 
parallel to the vertical plane of that tube, but as- 
cending instead of descending, to open upon the an- 
terior surface of the petrous process at the point just 
internal to the anterior opening of the canal of the 
tensor tympani which lies immediately above the 
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Eustachian tube.) The canal to which the posterior 
or vertical groove conducts, runs forward, upward, 
and inward, to open in the hiatus Fallopii, or in the 
groove leading to it. z 

Of these three grooves and canals, the first and last 
described are sometimes double, on account of the sub- 
division of the filaments they respectively transmit, 

OF THE BONES CONTAINED IN THE TYMPANUM, OR 

OSSICULA AUDITUS. 

147. These bones, three in number, and very 
small,are named after objects which they are thought 
to resemble, the malleus or hammer, the incus or anvil, 
and the s‘apes or stirrup. A fourth is sometimes de- 
scribed under the name of the lenticular bone. This 
isa minute rounded bone, interposed between the 
incus and stapes; but as it is almost always united 
to the incus, even in the foetus, it is considered by 
the best anatomists as an epiphysis of that bone. The 


wu The nerve of Jacobsen is a branch of the glosso- 
pharyngeal nerve. The filament transmitted by the 
first groove and the corresponding canal, enters the 
carotid canal, and joins the carotid plexus, establish- 
ing a communication between the glosso-pharyngeal 
and the sympathetic. The filament transmitted by 
the second groove and canal passes out of the cranium 
by the middle lacerated foramen, and just beneath 
the foramen ovale joins the otic ganglion, of which 
it is regarded by Arnold as one of the origins or roots. ; 
This filament is called nervus petrosus superficialis 
minor, in contradistinction to the nervus petrosus su- 
perficialis major, or cranial branch of the Vidian. 
The filament transmitted by the third groove and 
canal joins the nervus petrosus superficialis major. 
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three remaining bones have this relative situation. 
The incus is placed between the other two ; it projects 
forward from the posterior wall into the centre of 
the tympanum; and is articulated, externally to the 
malleus, which is connected with the membrani tym- 
pani, and internally to the stapes, which is connected 
with the membrana fenestre ovalis. 

148. INcus. This bone bears a strong resemblance to 
a molar tooth. It is divided into a body (which may 
be compared to the crown of the tooth), and two 
branches (which represent the fangs). The body is 
of a somewhat square form, but compressed from 
side to side. Its inner surface is slightly concave, 
its outer surface is convex, and its anterior surface, 
or summit, which is directed forward and a little up- 
ward, is concave from above downward, convex from 
side to side, and covered with cartilage for articula- 
tion with the head of the malleus. The superior 
branch, or short process of the incus, is shorter and 
thicker than its inferior branch, or long process. It 
arises from the back of the body, and runs back- 
ward, and a little downward and outward, to the 
posterior wall of the tympanum, where it terminates 
in a point which rests in the orifice of the mastoid 
cells. The inferior branch, more long and slender, 
arises from the lower end of the body, and descends 
obliquely forward and inward, tillitis on alevel with 
the fenestra ovalis. Its lower extremity (which is 
exactly opposite the centre of the fenestra ovalis, but 
separated from it by the lenticular bone and the 
stapes) is curved alittle inward, and presents, some- 
times the surface which articulates with the os len- 
ticulare, more frequently that bone itself, united to it 
as an epiphysis. 
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149. MALLEus. This bone is divided into a head, a 
neck, ahandle, and two processes, Viz. the processus gra- 
cults, and the processus brevis. The head is the largest 
and uppermost part of the bone, and articulates with 
the incus: the handle is a vertical branch of bone, 
which rests against the membrana tympani; the neck 
is a short contracted portion which joins the head to 
the handle, running obliquely downward and outward 
from the former, so as to form an obtuse angle with 
the latter ; the short process is a little conical projec- 
tion, which rises from the angle formed by the junc- 
tion of the handle and neck 3 and the processus gra- 
ctlis is a long, curved, and delicate process, which 
rises from the anterior part of the neck itself, 

The head is of an oval form ; its posterior surface 
is convex from above downward, concave from side to 
side, and covered with cartilage for articulation with 
the anterior surface of the body of the incus; its 
other surfaces are free. The neck is somewhat thicker 
than the handle, its inclination downward and cutward 
from the body, has been already mentioned. The han- 
die adheres firmly to the membrana tympani, « which 
it draws inward, so as to render its outer surface 
concave. Thehandle is curved forward at its lower 
extremity, which corresponds to the centre of the 
NS ee i ee 

« The membrana tympani consists of three lamin : 
an external lamina, continuous with the delicate 
reflection of the cutis which lines the meatus exter- 
nus; a middle fibrous lamina or proper tympanine 
membrane; and an internal lamina continuous with 
the mucous lining of the middle ear. It is be- 
tween these two latter lamine that the handle of 
the malleus is interposed. 
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membrana tympani. A radius drawn from the cen- 
tre of this membrane vertically upward to the cir- 
cumference would nearly represent the position of the 
handle of the malleus. The processus gracilis runs 
from the front of the neck, first forward, and then 
outward, to enter the Glaserian fissure, where its 
summit gives attachment toa muscle.y The place 
of this process is sometimes supplied by a mere 
ligamentous cord. The processus brevis runs ob- 
liquely upward, outward, and backward, z from the 
junction of the neck and handle; it lies in contact with 
the membrana tympani, and gives attachment by 
its summit toa muscle.a@ With regard to the exact 
relative position of the malleus, its head is situated 
in front of the incus, but its other parts are external 
to that bone. 

150. Srapes. This bone, which strongly resembles 
a stirrup, extends horizontally from the tong pro- 
cess of the incus to the fenestra ovalis. It is divided 
into head, base, and two branches. The head 
(which corresponds with the top of the stirrup) is 
situated externally, and is supported by a short 
neck, which gives attachment posteriorly to a muscle.b 
The summit of the head is directed outward, and pre- 


y Laxator tympani, or anterior mallei. 

z Cloquet says “backward,” Quain ‘ outward at 
right angles with the handle,’ Cruveilhier “a little 
outward.” Possibly the direction of the process 
may be subject to variation; in all the specimens I 
have examined, it has taken the direction described 
in the text. 

a Tensor tympani, or internus mallei. 

6 Stapedius. 
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sents an oval cartilaginous depression for articulation 
with the lenticular epiphysis of the incus. Thebaseis 
the innermost part of the bone, and represents the foot- 
bar of the stirrup ; it isa thin flat plate, corresponding 
in shape with the fenestra ovalis, which it loosely fits. 
Its lower edge is straight, its upper edge curved, and 
its posterior a little larger than its anterior extremity. 
Its internal surface is concave, and its circumference 
is connected with the rim of the fenestra ovalis by the 
membrana fenestra ovalis.c Of the two brunches, 
the anterior is the shorter and less curved. They 
arise from the neck, and run inward, diverging from 
each other. to the opposite ends of the base. They 
circumscribe (with the base) a triangular space 
filled in the recent subject by a delicate membrane. 
A groove, which receives the border of this mem- 
brane, traverses the opposed edges of the anterior 
and posterior branches, and the outer surface of the 
base. 

This bone is sometimes very small, as though 
atrophied. Cruveilhier mentions a case of this sort 
in which the two branches were joined together. 

151. Structure. The ossicula auditais consist 
chiefly of compact tissue, though a little cellular 
is found in their thickest parts. 

152. DEVELOPMENT. By a single point of ossifica- 
tion for each. ARTICULATIONS. With each other, and 
with the walls of the tympanum, at the several points 
that have been described. 


c The base of the stapes is enclosed between two 
lamine of the membrana fenestre ovalis, exactly as 
the handle of the malleus is enclosed between two 
lamin of the membrana tympani. 
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-153. This is a small ovoid cavity situated internal 
to the tympanum, external to the meatus auditorius 
internus, and above the jugular fossa. It is the 
middle of the three portions into which the labyrinth 
or internal ear is divided; the cochlea being in 
front of it, and the semicircular canals behind. It 
is wider above than below, and divided into two un- 
equal fissule by a horizontal crest on its inner wall; 
the upper of these is thelarger, and has a semi-ellip- 
tical form: the lower is smaller in size, and nearly 
hemispherical in shape. The vestibule presents 
eight orifices ; five of which are the apertures of the 
semicircular canals. These latter are situated at 
the posterior part of the cavity. Their relative po- 
sition cannot be understood till the semicircular ca- 
nals themselves have been examined. Their descrip- 
tion is therefore deferred. (156) Of the other three, 
one, situated in the outer wall, is the ferestra ovulis 
already described. In the dry bone the vestibule 
communicates with the tympanum by this aperture ; 
but in the recent subject it is closed by the stapes, by 
its own proper membrane, and by the general lining 
membrane of the vestibule. The two remaining 
apertures are, the apertura scale vestibuli cochle, and 
the ostewm internum aqueductts vestibuli. The for- 
mer is an oval hole, situated below and before the 
fenestra ovalis, and leading into the external scala of 
the cochlea. (!62) The latter is a minute orifice in 
the inner wall of the vestibule, situated just below 
and before the orifice common to the two vertical 
semicircular canals. (155) A short groove, called 
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by Morgagni the vecessus sulciformis, runs downward — 
and forward from this orifice, which is the vestibular — 
opening of the AQUEDUCTUS VESTIBULI. Thisis avery 
narrow canal, about four lines long, which, commenc- 
ing in the vestibule by the last-mentiond aperture, at 
the posterior extremity of the recessus sulciformis, runs 
for alittle distance wpward, inward, and backward ; 
then, forming a curve, passes downward, inward, and 
backward, becomes much wider, and terminates near 
the middle of the posterior surface of the petrous pro= 
cess, in a narrow aperture or slit which has been al- 
ready described. (60) Besides these principal aper- 
tures, the inner wall of the vestibule presents many 
small pores for the transmission of nervous filaments.d 
These pores are so numerous at the anterior and in- 
ferior part of the inner wall, as to give it acribriform 
appearance. Hence the name macula cribrosa, which 
has been applied to this part of the wall of the vesti- 
bule, 
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154. This is a calcareous powder contained in the 
two membranous saccules which occupy, in the re- 
cent subject, the two fosse of the vestibule. It 
appears to be the vestige, in mammalia, of certain 
concretions of considerable size and regular shape, 
found in the labyrinths of fishes. It is called otoconia 
(wrds Kévis, auris pulvis) by its discoverer, M. Bres- 
chet ; who attributes to it the function of reinforcing 
the sonorous vibrations of the fluid, contained i in the 
membranous sacs of the vestibule. 


d Ramifications of the acoustic nerve. 
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OF THE SEMICIRCULAR CANALS. 


155. These are three curved tubes, situated 
behind the vestibule, into which they open iby 
both extremities. One is horizontal, the other 
two are vertical. Of the two vertical, one is superior, 
and has its convexity directed upward ; the other is 
posterior, and has its convexity directed backward, 
The inner leg of the superior-vertical, and the upper 
leg of the posterior-vertical, unite about two lines 
before their termination, to form a common canal 
which opens by a single aperture at the inner and 
back part of the roof of the vestibule. Each of the 
four remaining legs of the semicircular canals opens 
into the vestibule by a separate aperture. 

The superior-vertical, which stands erect, like a 
bridge, over the véstibule, in a plane parallel to its 
posterior wall, commences internally in the roof of 
the vestibule, at the common orifice just described, 
ascends a little, then curves transversely outward, 
and again descending perforates the roof of the ves- 
tibule at its posterior and external part. The sum- 
mit of this canal forms an eminence on the anterior 
surface of the petrous process ; as we have already 
observed in the description of the temporal bone. (60} 
The posterior-vertical, which projects from the back of 
the vestibule in a plane parallel to its inner wall, com- 
mences by the common canal before mentioned, first 
passes horizontally backward, then curves down- 
ward, and then, running forward and upward, re- 
enters the vestibule by an aperture in the posterior 
wall, situated vertically below the point from which 
it set out. The horizontal, which projects from 
the back of the vestibule in a plane parallel to 

N 
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its floor and roof, but nearer to tbe latter than 
to the former, commences internally by an orifice 
in the posterior wall, situated between the two aper- 
tures of the posterior-vertical canal (i. e. the com- 
mon orifice above, and the proper orifice of the pos- 
terior-vertical below). From this point it runs back- 
ward a little way, curves horizontally outward, and 
then bending forward, opens again into the vestibule 
by an aperture in its posterior wall, situated just be- 
low the outer orifice of the superior-vertical canal. 
156. Thus, of the five apertures by which the semi- 
circular canals open into the back part of the vesti- 
bule, three are situated internally, one above the 
ether ; two externally, in a similar relative position. 
The three inner orifices, enumerated from above down- 
ward, are; Ist, the orifice common to the two ver~ 
tical ; 2ndly, the internal orifice of the horizontal ; 
3dly, the inferior orifice of the posterior-vertical. 
The two outer orifices enumerated from above down- 
ward, are; Ist, the outer orifice of the superior-ver- 
tical; 2ndly, the outer orifice of the horizontal. e 
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e The semicircular canals have not, strictly speak- 
ing, the precise directions here described. Thus 
the superior-vertical is not exactly trunsverse, nor 
perfectly upright, its outer leg being anterior, anda 
little superior, to itsinner, Again, the posterior-ver- 
tical inclines downward and outward, and the hori- 
zontal downward and inward. The curve of the 
former is in a plane at right angles to the axis of the 
petrous process; the curves of the two latter are in 
planes parallel to that axis. - Until, however; the 
purpose and meaning of the relative situation of 
these canals is ascertained, the student will perhaps 
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157. Each of these canals presents at one extre- 
mity a slight dilatation, called an ampulla. The 
inner extremity of the horizontal canal, and the short 
canal common to the two vertical, are not dilated ; 
the other three extremities present ampulle. In the 
order of length, beginning with the longest, they 
run thus: posterior-vertical, superior-vertical, hori- 
zontal. The great superiority in length of the poste- 
rior-vertical is occasioned by its describing in its 
course a larger portion of a circle than the others. 
Each of these canals is formed of a compact smooth 
lamina, embedded in the reticular tissue. 
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158. It is impossible to form a correct idea 
of the cochlea without actual inspection of the ca- 
vity itself. It is of a pyramidal form, and may he 
described in general terms to consist of a plate 
which forms the base of the pyramid 3; of an axis called 
the modiolus, which rises perpendicularly from the 
centre of that plate; of a conical tube spirally wound 
round that axis for two turns and a half; and of a 
delicate lamina, called the lamina spiralis, which is 
contained within that tube, follows its windings, and 
divides it into two unequal parts, called the two scale 
of the cochlea. In the adult bone, however, the outer 
surface of the conical tube is continucus with the sur- 
rounding osseous tissue, so that the cochlea has the ap- 
a ae Se a eS 
be wise to spare his memory the burden of. these 
minutie. An ultra-precision in mere details is not 
only useless and trifling in itself, but occupies time 
and thought which might have been more profitably 
employed. 

N 2 
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pearance ofa spiral excavation in the substance of the 
petrous process, rather than of a spiral ube. We 
shall conclude this rough outline of the cochlea with 
the observation, that the pyramid, or cone, which it 
forms, does not stand upright on its base within the 
petrous process, but has a position rather resembling 
that of asugar-loaf laid on its side; so that the plate 
which forms the base of the cochlea is placed on its 
edge vertically ; the modiolus projects horizontally 
outwards; and the scale, instead of leading, like 
winding staircases, from below upward, lead, in con- 
sequence of this horizontal position of the modiolus 
round which they turn, from within outward. We 
shall next describe, more minutely, these several 
parts. 

159. BAsE oF THE CocHLEA. Formed by a plate of 
bone standing nearly vertically within the petrous pro- 
cess, but so inclined that its inner surface looks inward, 
backward, and a little upward, its outer surface in 
the opposite direction. As the membrana tympani 
at the same time closes the inner extremity of the 
meatus auditorius externus, and forms the outer wall 
of the tympanum; so does this plate, interposed in 
a similar manner between the meatus auditorius ex- 
ternus and the labyrinth, close the former, and also 
constitute the inner wall of the latter; its inner 
surface being seen when we look into the meatus, 
and its outer surface appearing within the cochlea 
and vestibule. It is important that the student 
should clearly understand this relation, because 
branches of an important nerve pass through this 
plate, from the meatus auditorius internus into the 
cochlea and vestibule. 

160. Mopio.us. A bony axis, which arises, by a 
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broad base, from the centre of the last described 
plate, runs outward, forward, a little downward, be- 
coming narrower, and terminates at the apex of the 
cochlea, in an expanded summit, resembling a fun- 
nel, and called the infundibulum. Its base is hollow; 
and the cavity appears as a little depression at the 
bottom of the internal auditory canal. The modiolus 
is traversed by a number of minute canals, which 
open upon its surface by little pores, and transmit 
filaments of a nerve, f which enters the cavity of its 
base, from the meatusinternus. The infundibulum, 
into which it expands, lodges the terminal branch of 
the samenerve. This little cavity is deficient at its 
upper part, so that it resembles the half of a funnel 
divided by a longitudinal section. It is covered by 
the rounded summit of the cochlea; a part which 
from its form and situation has been named the 
cupola. (The student must bear in mind that the 
summit of the pyramid formed by the cochlea, is 
directed, not upwards, but outwards.) 

161. Lamina Spirauis. <A thin plate of bone 
wound spiraily round the modiolus for about two 
turns; it commences between the tympanine and 
vestibular openings of the cochlea, becomes gradu- 
ally narrower as it pursues its winding course, and 
terminates in a little hamular process just where 
the expansion of the infundibulum commences. It 
contributes to form a septum which divides the spiral 
cavity of the cochlea into two unequal parts. This 
septum, however, is not perfect in the dry bone. 
That part which is attached to the wall of the 
cochlea, is membranous, and disappears during ma- 


f The cochlear branch of the acoustic nerve. 
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ceration. It is only the half which is connected 
with the axis, that is formed of bone. The mem- 
branous portion continues from the hamular pro- 
cess to the summit, or cupola, of the cochlea; so 
that the septum of the last half turn of the cochlea is. 
entirely membranous. This membranous septum, in 
turning round the demi-infundibulum, adheres to its 
inferior convex aspect, but presents a free margin to 
its concavity. This free margin is curved, sothat with 
the concavity of the infundibulum it forms a round 
aperture, through which the two scale communicate 
with each other. The lamina spiralis is formed of 
two lamelle, between which are numerous fine canals 
for the transmission of nervous filaments. 

162. ScaLz or THE CocHLEA. One is external 
and smaller, and opens freely into the vestibule by 
an oval aperture, situated just below the fenestra 
ovalis ; the other is internal ; it would communicate 
with the tympanum by the fenestra rotunda (or, as 
it ought rather to be called, the fenestra triangularis), 
were not that aperture closed in the recent state by 
its membrane. Hence the external is called the 
scala vestibult, the internal-the scalu tympant. ‘They 
communicate with each other, near the summit of the 
cochlea, by the aperture formed between the eavity 
of the demi-infundibulum and the membranous 
portion of the septum. The surface of the lamina 
spiralis which corresponds to the scala tympani, is 
rough; whereas the surface, which corresponds to 
the scala vestibuli, is smooth, and marked with slight 
transverse strie.g The scale gradually contract 
from their commencement to their termination. 


g These cannot be distinguished without a magni- 
fying glass. 
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163. Aguepuctus Cocntr®. A minute canal, 
which commences in the scala tympani, by a little 
aperture, situate anterior and internal to the fenestra 
rotunda, and from thence runs downward, forward, 
and inward, increasing in size as it descends, to ter- 
minate in an expanded triangular orifice, on the 
lower surface of the petrous portion, close to its 
posterior border, and just in front of the juguiar 
fossa. This canal varies in size in different indivi- 
duals, and is said to be sometimes altogether want- 
ing. When present it transmits a minute vein. 
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164. This is a straight canal, shorter and smaller 
than the external meatus, leading from the interior 
of the skull to the labyrinth. Its inner extremity, 
which is oval and somewhat expanded, opens 
nearly in the middle of the posterior surface of 
the petrous portion, The canal runs from this 
point directly outward, and, after a course of about 
four lines in the adult, reaches a vertical plate 
which closes its extremity. This plate is divided 
into two unequal portions by a horizontal crest; the 
upper and smaller portion is perforated posteriorly 
by small pores, which open on the iuner wall of the 
vestibule, and transmit nervous filaments into that 
cavity ; in front, it presents an orifice of considerable 
size, of which we shall presently speak. The lower 
portion corresponds, in front, to the cochlea, and pre- 
sents the cavity of the modiolus; posteriorly it 
is cribriform, and corresponds to that portion of 
the inner wall of the vestibule which is called the 
macula cribrosa. (153) All the pores in this plate 
transmit filaments of the nerve of hearing. 

The orifice just mentioned is the commencement 
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of the aqueductus Fallopii. The course of this canal 
is not easily explained. To facilitate its description 
we shall trace it in a reverse direction, from its termi- 
nation in the stylomastoid foramen, to its commence- 
ment in the meatus auditorius internus. From the 
stylomastoid foramen it passes vertically upward, 
forming an eminence on the posterior wall of the tym- 
panum behind the fenestra ovalis; then, making a 
bend, it runs forward and a little upward, forming 
an eminence on the internal wall above the fe- 
nestra ovalis; and finally it disappears from the 
tympanum. After leaving the inner wall of the tym- 
panum, it continues to run forward fur about a line; 
and then, turning at an acute anyle, runs inward and 
a little backward to terminate in the meatus audi- 
torius internus. The exact situation of the sharp 
angle which it thus forms, may be readily pointed 
out, even in an undissected bone; it is immediately 
beneath the anterior surface of the petrous portion, 
and about two lines behind the aperture of the hiatus 
Failopii, (60) which canal opens into the agueductus 
Fallopii just at this angle.— The aqueductus Fallopii, 
therefore, may be shortly described as a canal, which 
runs from the outer extremity of the meatus internus 
to the stylomastoid foramen, making in this course 
two remarkable bends; the first, which is very ab- 
rupt and angular, being in a horizontal plane, close 
under the anterior surface of the petrous process ; 
the second, which is gradual and rounded, being in 
the vertical plane of the inner wall of the tympanum. 
It isat the first, sharp angle, that the Azatus Fallopii 
joins the agueductus Fallopii. Each of these canals 
transmits a nerve. 2 


# The agueductus Fallopii transmits the facial 
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165. Uses. Our knowledge of the uses of the cu- 
rious apparatus that has just been described is very 
imperfect, and chiefly conjectural, The auricle, or 
external ear, collects, and the meatus auditorius ex- 
ternus transmits to the membrana tympani, the so- 
norous undulations of theair. The substance of the 
auricle itself likewise enters into sonorous vibrations, 
which are propagated along the cartilaginous lining 
of the meatus externus to the membrana tympani. 
The vibrations of this membrane travel, partly along 
the jointed lever formed by the ossicula auditds, 
partly through the air in the tympanum, to the mem- 
branes of the oval and round foramina. From those 
membranes the undulations are communicated to the 
liquid that fills the labyrinth ; and, through this me- 
dium, they reach the membranous saccules and tubes 
that float in the liquid of the vestibule and semicir- 
cular canals, and the membranous portion of the 
septum which separates the scale of the cochlea. 
These membranous parts receive the ramifications of 
the acoustic nerve; by which the impressions of 
sound are transmitted to the brain. 

The Eustachian tube admits fresh air from the 
pharynx to the tympanum; equalizes, under every 
variation of temperature, the almaspheric pressure 
on the opposite surfaces of the membrana tympani ; 
and, by permitting the ingress and egress of the air, 


nerve, or portio dura of the seventh pair. The hiatus 
Fallopii transmits the cranial branch of the Vidian, or 
nervous petrosus superficialis major. From the hiatus 
Fallopii this nerve passes into the aqueductus Fallo- 
pii, and mixes its fibres with those of the facial. It is 
from this compound nerve that the chorda tympani 
is reflected. 
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enable that membrane to vibrate freely. In its latter 
function it resembles the sound-hole of a drum; and 
the deafness, which results from the obstruction, may 
sometimes be relieved by perforating the membrana 
tympani, or the mastoid process. 

It is probable that the mastoid cells reinforce, by 
resonance, the sonorous undulations of the air in the 
tympanum; and that the series of ossicula, acted 
upon by their proper muscles, adapt the tension of 
the tympanine membranes to the varying intensity of 
sounds, as the iris adapts the eye to the varying in- 
tensity of light. A conjecture has been hazarded 
(among many others) that the semicircular canals 
may be designed to inform us of the direction of 
sounds, and the cochlea to ascertain their musical 
relations. With regard to the former, it is curious 
that they are trumpet-shaped tubes, whose smaller 
ends are all situated opposite the membrana fenestre 
ovalis, and whose dilated extremities are most 
abundantly supplied with filaments of the acoustic 
nerve. With regard to the latter, it is remarkable 
that the membranous portion of the septum grows 
gradually wider as it approaches the infundibulum, 
and that the nervous filaments which supply it, pass 
across it ut regular intervals, successively increasing 
in length as it increases in width; and presenting, 
in this respect, a striking resemblance to the series 
of strings ina harp. Upon such analogies as these, 
however, little dependence is to be placed; they are 
useful as stimulants to curiosity, but often very fal< 
lacious guides of research. 
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CHAPTER III. 


OF THE THORAX, 


166. The thorax or chest is a sort of osseous cage, 
composed of -bones and cartilages, and connected 
with the middle region of the spine. It is the largest 
of the three great cavities of the skeleton; and it is 
formed by the sternum in front, by the dorsal verte- 
bre behind, and by twelve ribs and twelve costal 
cartilages on each side. The dorsal vertebre hav- 
ing been already examined, it remains for us in this 
section to consider the sternum, ribs, and costal car- 
tilages, and to take a general review of the entire 
cavity. 

OF THE STERNUM. 


167. The sternum isa flattened column, consist- 
ing of five bones, and an osseo-cartilaginous ap- 
pendage. The uppermost of the five bones re- 
mains separate during the whole term of life; the 
other four unite with each other successively, and at 
the age of 25 form but a single piece; the osseo-car- 
tilaginous appendix remains flexible at its joint with 
the bone to a late age; so that, in the adult, 
the sternum consists of three portions. Each of 
these, after a few preliminary observations, we shall 
describe separately ; reserving for the sequel our re- 
view of the sternum in general. The sternal column 
is situated in the median line of the body, at the an- 
terior part of the chest. In its form it reminds one 
of an ancient sword, the upper piece resembling the 
handle, and being consequently called the manubrium ; 
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the middle representing the principal portion of the 
blade, and hence called the gladiolus; while the osseo- 
cartilaginous portion (though it presents many vari- 
ations of form in different individuals) frequently 
comes toa sharp point, like the tip of the sword, 
and consequently takes the name of the enstform, or 
ziphoid appendix. 

168. Manusrium. This is a short, flat bone, of a 
somewhat triangular form, with its base, which is 
the thickest part, directed upward, and its apex, 
which is truncated, pointing downward. It presents 
for examination two surfaces and four borders. 

169. SurFaces. Anterior. Directed forward and 
upward, concave from above downward, convex from 
side to side, and wider above than below. It gives 
origin to the aponeurosis of two muscles. k Foste- 
rior. Directed backward and downward, smooth, con- 
cave in the vertical, and plane in the transverse di- 
rection. It also attaches two muscles. J 

170. BorpErs. Upper. The longest, and much 
the thickest of the four. It presents on each side an 
oval articular surface, directed upward, backward, 
and outward, concave from side to side, convex from 
before backward, and designed for articulation with 
the clavicle. Between these two surfaces there is 
a curved nonarticular depression, called the in¢ercla- 


k Sterno-cleido-mastoideus, and portio deprimens 
of the pectoralis major. (For an account of the 
physiological distinction implied in the latter name, 
see the author’s ‘* Physiological observations on se- 
veral muscles of the upper extremity.’’ Phil. Mag. 
June, 1836.) 

2 Sterno-hyoid and sterno-thyoid. 
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ticular noich, Lower. This border is thick but short, 
it presents an oval rough surface, which is connected 
to the upper border of the gladiolus by the kind of 
joint called amphiarthrosis, oy mixed articulation. 
(See table of the joints, p. 8.) The anchylosis of 
this joint which frequently comes on in old age, re- 
sults from the deposition of a thin osseous layer ex- 
ternally ; the cartilage almost always remains fibrous 
and flexible in the middle. Laverai. These borders 
slope from above downward and inward ; present, su- 
periorly, a concave surface into which the fibres of the 
first costal cartilage are inserted ; below this a thick 
eurved edge; and below this again, just at the angle 
where the lateral joins the inferior border, a little 
concave articular facet, which, with another similar 
facet formed at the upper corner of the second ster- 
nal bone, forms a notch for the reception of the se- 
cond costal cartilage. The manubrium therefore 
articulates, on each side, with the clavicle, with the 
Jirst costal cartilage, and with the upper half of the 
second, 

171. GLADIoLus. This portion of the sternum is 
longer, narrower, and thinner than the manubrium, 
on which, in youth and middle age, it is slightly 
moveable. It is wider below than above, and pre- 
sents for examination two surfaces and four borders. 

172. Surraces. Anterior. Directed forward and 
upward, and marked with three transverse ridges, 
which indicate the junction of the four bones of 
which this portion of the sternum originally consisted. 
The surface that lies between any two of these 
ridges is concave from above downward, and plane, 
or very slightly convex, from side to side. At the 
junction of the third and fourth piece of the gladiolus, 
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there sometimes appears the orifice of a hole called 
the sternal foramen, which passes through the bone 
from before backwards. This hole is very variable 
in size, sometimes open, but usually closed by a 
membraniferm cartilage. The anterior surface is 
covered by the skin, and by a muscular aponeurosis to 
which it gives insertion. m Posterior. Slightly con- 
eave both from side to side, and from above downward. 
It is marked by transverse ridges, corresponding in 
position to those of the anterior surface, but less pro- 
minent. It gives attachment to a pair of muscles, 2 
and sometimes presents at its lower part the posterior 
Orifice of the sternal foramen. 

173. Borpers. Upper. Short, thick, and con- 
nected, by a fibro-cartilaginous or amphiarthrodial 
joint, with the lower border of the manubrium. 
Lower. Short, and articulated by amphiarthrosis 
with the ensiform appendix. Lateral. These borders 
are by far the longest. Each presents, just where it 
joins the upper border, a little facet, which combines 
with the similar facet of the manubrium, to form a 
eavity for the cartilage of the second rib. This 
facet is succeeded by a series of shallow cavities for 
the third, fourth, fifth, and sixth, costal cartilages ; 
and quite at its lower end, where it joins the inferior 
border, this border presents a little facet which, with a 
corresponding one on the ensiform appendix, forms a 
notch for the reception of the seventh costal cartilage. 
So that the gladiolus articulates with the third, fourth, 
fifth, and sixth costal cartilages, and with part of the 


m Belonging to the portio deprimens of the pecto- 
ralis major. _ (See note k, page 188.) 
2 The triangulares sterni. 
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second, and seventh. These cavities are separated by 
intervals, which diminish in length from above down- 
-ward—the cavities for the second and third costal 
cartilages being an inch from each other; those for 
the fifth and sixth ribs about half-an-inch apart; 
while those for the sixth and seventh, are a quarter, 
sometimes not more than an eighth of an inch apart, 
and in many instances quite contiguous. These 
intervals, which are curved, so as to present the 
appearances of semilunar notches, correspond to the 
intercostal spaces. It will be observed, that each 
horizontal transverse line corresponds to a pair of 
the articular depressions, extending from the middle 
of one to the corresponding point on the opposite side. 
Each articular depression is therefore formed between 
two of the pieces of which the sternal column originally 
consists. This is one of those points of analogy be- 
tween the sternal and vertebral columns which we 
shall have occasion to notice more particularly in 
our general review of the skeleton. 

174. ENsIrormM oR XIPHOID APPENDIX. This pro- 
cess is cartilaginous in youth, but generally more or 
less ossified at its upper part in the adult. It is 
continuous above with the lower extremity of the 
gladiolus, below with astrong white aponeurotic liga- 
ment, o which descends along the middle of the an- 
terior wall of the abdominal cavity, and is inserted 
below into the pubes. The ensiform appendix presents 
many varieties of size, form, and direction. It may be 
long or short, curved or straight, simple or bifurcated, 
situated vertically in the median plane, or deflected 
to one side, It sometimes presents a hole, and is 


o Linea alba. 
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occasionally altogether deficient. It gives attach- 
ment by its anterior surface to a ligament, p by its 
posterior surface to some muscular fibres, g and by 
its lateral borders to strong aponeuroses, r On each 
side of the border by which it joins the gladiolus, it 
presents a facet that completes the notch for the 
seventh costal cartilage. 

175. The sternal column, viewed as a whole, is a 
wide, flat, symmetrical bone, forming a sort of buckler 
to the organs contained in the chest. It has a slight 
general convexity in front, and concavity behind. In 
the natural position, its anterior surface looks forward 
and upward, and its posterior surface in the opposite 
direction, Its lateral borders are sinuous, each pre- 
senting seven articular and six inter-articular depres- 
sions. The surface of the first articular cavity is 
generally continuous with the fibres of the first costal 
cartilage; the other six cavities form diarthrodial 
joints with the cartilages which they respectively re- 
ceive. The sternum is shorter, and more obliquely 
placed, in the female than in the male. 

176. StRucTUKE. Very spongy and cellular within, 
well supplied with bloodvessels, and covered exter- 
nally with a layer of compact tissue. 

DEVELOPMENT, The number and position of the 

“ossific points of this bone are exceedingly irregu- 
lar. The manubrium is developed, sometimes by 
one central, sometimes by two lateral points; and in 
a few rare instances even by three or four points, 
The gladiolus is developed in four pieces, each hay- 
ay Ae 

p Costo-xiphoid. 
q Of the diaphragm and triangulares sterni. 
y Of the abdominal muscles, 
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ing sometimes one central, sometimes two lateral 
ossific points. The appendix ossifies by one or two 
points situated at its upper part. ARTICULATIONS. 
With the two clavicles, and with seven pairs of costal 
cartilages. 


OF THE RIBS, 


177. The ribs, with their cartilages, are elastic 
arcs, encompasing the cavity of the thorax, which 
they principally contribute to form. They are 
twenty-four in number, being situated in pairs, 
twelve on each side of the chest. s They are dis- 
tinguished by numerical appellations ; 1st, 2nd, 3rd, 
&c., counting from above downward. They are 
divided into three classes, which differ as to the 
connections of their extremities, and are best dis- 
tinguished by names expressive of this difference. 
The seven upper ribs on each side are articulated 
with the vertebral column behind, with the ster- 
nal column in front. These are, therefore, called 
the vertebro-sternal ribs. The three succeeding 
ribs on each side, viz. the 8th, Sth, and 10th, 
are articulated with the vertebral column be- 
hind; but falling short of the sternum in front, 
they attach their anterior extremities, each to the 
cartilage of the rib above. These are, consequently, 
denominated vertebro-costal ribs. The two remain- 
a 

s A supernumerary rib is sometimes developed 
on each side, in connexion with the transverse pro- 
cess either of the last cervical, or of the first lumbar 
vertebra. More rarely, the first rib on each side is 
deficient in front, losing itself, like the floating ribs, 
in the substance of the muscles, 

i) 
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ing ribs on each side, viz., the lith and 12th, are 
articulated to the vertebral column behind; but 
their anterior extremities float loose among the 
muscles. These, therefore, are simply vertebral ribs. 
The Ist class are commonly called the ¢rwe, and the 
3rd class the false or floating ribs. But the term 
false is also applied to the 2nd class; which have 
hitherto had no particular appellation. To obviate 
the indistinctness arising from this circumstance f 
have given them a name derived, like the denomina- 
tions of the other classes, from the relations of their 
extremities. The several ribs in each of these three 
classes present further varieties of length, shape, 
direction, and articulation. But before entering 
upon these particulars, we shall describe certain 
characteristics which are liable to so few individual 
exceptions, that they may be considered as belonging 
to the ribsin general. 


COMMON CHARACTERS OF THE RIBS. 


178. As an example, in which to study these 
general characters, the student should take a rib from 
the middle of the series; for instance, the fifth “or 
sixth, and place it on the table with its lower edge 
(which is distinguished by its sharpness) downward. 
Each rib presents for separate examination a head, a 
neck, and a body or shaft. 

179. Heap. This is a flattened articular tubercle, 
in which the rib terminates behind. It presents a 
horizontal rvidge separating two articular facets. 
These facets, of which the inferior is the larger, ar- 
ticulate with the costal cavity formed by the bodies 
of two dorsal vertebrae; the *idge corresponding to 
the intervertebral fibro-cartilage, and gives attach- 
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ment to a ligament.¢ The head is joined to the. 
body by the Neck. « This name is given to a por- 
_ tion of the bone, about an inch long, which rests 
upon the transverse process of the lower of the two 
vertebree with which the head is articulated, and 
gives attachment below to a ligament.» Bopy or 
Sart. This is the remaining portion of the rib. 
It is fiat and thin, so as to present two surfaces and 
two borders; and curved, so as to be convex exter- 
nally and concave within. Its outer surface presents, 
just where it joins the neck, an eminence called the 
tuberosity of the rib. This eminence is divided into 
two parts; an articular portion, which is internal 
and inferior to the others; looks downward, back- 
ward, and inward, and unites with the articular sur-= 
face that occurs on the transverse process of the dor- 
sal vertebre below it: non-articular portion, which is 
rough, and gives attachment toa ligament.2w Ata 
little distance, in front of the tuberosity, the outer 
surface of the shaft presents a prominent line, which 


¢ Interarticular. 

u Cruveilhier, Cloquet, and many other anatomists, 
describe the neck as a contracted portion of the rib. 
This statement requires some modification, I think, 
to render it correct as a general description. The 
neck, indeed, is almost always ¢hinner than the shaft ; 
but except in the two or three upper ribs, it agwaily 
exceeds the adjacent portion of the shaft in width, pre- 
senting a convex ridge, which has all the appearance 
of a buttress, and is doubtless intended to strengthen 
this portion of the bone in the vertical direction, 

v Middle costo-transverse. 

w Posterior costo-transverse. 

0 2 
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passes from the upper edge obliquely downward and 
forward to the bone. It is called the angle of the 
rib, and gives attachment to muscular fibres.2 The 
portion of the bone behind the angle is the thickest and 
strongest part of the rib; it is more abruptly curved 
than the anterior portion; so much so indeed as to 
give the articular surface of the head a direction 
forward, as well asinward. Therib is bent in two 
directions at its angle. Look at it from above down- 
ward, and you see that the posterior extremity is 
bent suddenly inward here, so as to form with the an- 
terior portion an obtuse angle, apex outward. Again, 
press the lower edge of the rib upon the table, and 
you observe that it lies parallel with the surface from 
the anterior end to the angle, but that the part be- 
hind the angie is tilted up so as to form, with the 
anterior portion, an obtuse angle, apex downward. 
Between the angle and the tuberosity is an uneven 
surface for the attachment of muscular fibres. y The 
distance between the angles and the tuberosity 
gradually increases, and this surface consequently 
becomes more extensive from the Ist to the 10th 
rib. In front of the angle the outer surface is 
smvoth; and here also it gives attachment to 
muscles. In addition to the changes of direction 
that have been already mentioned, the rib is twisted 
a little upon its own axis; so that behind the angle 
the outer surface looks a little downward; in front 
of the anglealittle upward. The outer surface pre- 
sents near the anterior extremity a slightly marked 


a For the names of the muscles attached to the 
ribs seen note c, page 199. ; 4 
y See note c, page 199, 
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oblique line, sometimes called the anterior angle. 
_ Like the posterior angle, it gives attachment to 
muscular fibres. The inner surface of a rib pre- 
' Sents the orifice of many little canals which transmit 
nutrient vessels into the cancellous tissue.z It is 
smooth, and looks a little upward at, and be- 
hind, the angle; a little downward in front of that 
point. The upper edge of a rib is rounded and 
blunt, and gives attachment to muscles. The 
lower edge is sharp and thin; it forms the outer 
lip of a groove, which commences at the tube- 
rosity, and runs toward the anterior extremity 

z I have observed the following curious circumstance 
With regard to the course of thesecanals. In the shaft 
they run, with scarcely a single exception, toward the 
posterior extremity of the rib. In the neighbour- 
hood of the tuberosity, and from thence to the poste- 
rior extremity of the bone, no such uniformity of di- 
rection is observed. Some of the vessels plunge per- 
pendicularly into the bone; some run obliquely for- 
ward ; some backward ; others in various intermediate 
directions. I have placed in themuseum of King’s Col- 
lege some preparations illustrative of this structure. 
Of its purpose and meaning I have no explana- 
tion to offer. Why do the nutrient arteries of the 
shaft run uniformly backward, while the intercostal 
artery. from which they are derived, proceeds in the 
opposite direction? and again, what are the causes 
which give rise to so striking a contrast in this 
respect, between the shaft on the one hand, and the 
head, neck, and tuberosity, on the other ; rendering 
unnecessary, in the latter, conditions which, from 
their constancy, we may infer to be essential to the 
former ? 
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of the rib. This groove is widest and deepest at the 
angle; it becomes shallower, and belongs more to 
the inner surface, as it advances beyond that point 5 
and generally disappears at the junction of the an- 
terior and middle thirds of the bone. It lodges 
vessels and nerves, a and by each of its lips gives at- 
tachment to a layer of muscular fibres. b 

The anterior extremity of the shaft presents a 
porous, oval, concave, surface, for the reception of 
the costal cartilage with which it is intimately con- 
nected. The posterior extremity of the shaft is con- 
tinuous with the neck. 

179. Srructure. The ribs, which, as to their 
formcome under the denomination of mized bones,(3). 
in structure resemble the cuboid or short bones, con- 
sisting of a quantity of reticular tissue, enclosed in 
a thin compact layer. This outer layer generally 
presents a laminated appearance, as if it were 
composed of little scales overlapping each other. De- 
VELOPMENT. By three points; one for the body, one 
for the head, and three for the tuberosity. The two 
latter parts are developed as separate epiphyses, 
which remain detached up to the age of twenty, or 
even twenty-five years. 

180. There are several ribs which present devia- 
tions from the general characteristics that have just 
been given. These, with certain gradations in size, 
curvature, and direction, come next to be described as 
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181. The ribs increase In length from the first to 
the seventh inclusive, and again diminish from the 


Rn ern ener area ay 


a Intercostal. 
b Intercostales interni and externi. 
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seventh to the last. The curvatures of the ribs be- 
come segments of larger circles, as we proceed from 
the first downward. ‘This increase is most remark- 
able in the five or six upper ribs: The first is nearly 
horizontal ; the others become successively more and 
more inclined on the vertebral column. The ribs 
differ also as to the muscles to which they give origin 
andinsertion.c The first, second, tenth, eleventh, 
and twelfth are further distinguishable by the follow- 
ing peculiarities. 


e The following muscles are inserted into the 
‘ribs. Intercostalis interni and externi mto upper 
border of all except first. Jevatores costarum into 
upper border of all between tubercle and angle. Sa- 
ero-lumbaris into exterior surface of all, near angle. 
Longissimus dorsi into exterior surface of all between 
angle and tuberosity. Scalenus anticus into tubercle 
and ridge which separate two shallow grooves on up- 
per surface of first near the middle of its length. 
Sealenus posticus into that part of first which lies be- 
tween subclavius groove and tuberosity, and also into 
upper border of second. Serratus posterius superior 
into upper border of second, third, fourth, and fifth, 
near angle. Serratus posticus inferior into lower bor- 
der of four last ribs, near angle. Diaphragm trans- 
versalis abdominis into inner surfaces of seven lowest, 
elose to cartilages. A few fibres of rectus, sometimes 
into fifth rib, close to cartilage. 

The following muscles ‘ake origin from the ribs :— 
Intercostales interni and externi from the two lips of 
the groove of each rib, except the last. Longus colli 
from head of first serratus magnus from exterior sur- 
face of nine upper. Cervicalis ascendens from four 


200 DIFFERENTIAL CHARACTERS OF THE RIBS. 


182. First ris. A short, stout rib, almost hori- 
zontal when in the natural position, and very abruptly 
curved. Inthis rib the suzfaces look upward and 
downward; and are flat; while the edges look in- 
ward outward, and are curved ; in the other ribs it 
is just the reverse. The head of this rib is round 
and presents only a single articular surface to corre- 
- spond with the entire articular surface on the body of 
the first dorsal vertebra. (18) Its neck is slender 
and rounded, its tuberosity very prominent, and 
placed on the outer border. It has no angle, and is 
not twisted on its axis; so that when laid ona table, 
it touches the level surface in its whole length. Its 
anterior extremity is larger and thicker than that of 
any other rib, and often gives insertion above to a 
muscled The outer border is thick, rounded, and 
convex. Its izmer border thin and concave. Its 
lower surface issmooth, slightly convex, and destitute 
ofagroove. Its upper suxface presents, close to the 
inner border, and at the junction of the anterior with 
the middle third of the bone, a tubercle ; and run- 
ning from this tubercle forward and outward to the 


or five upper between angle and tuberosity. Acces- 
sorius from upper edge of five or six upper. Pecto- 
ralis minor from exterior surface of third, fourth, and 
fifth. Obliquus internus abdominis from exterior 
surface of nine lowest near cartilage. Latissimus 
dorsi from exterior surface of three lowest near antee 
rior extremity. A few fibres of subclavius sometimes 
from upper surface of first, near its cartilage. A few 
fibres of portio deprismus of pectoralis major some- 
times from exterior surface of fifth or sixth near car- 
tilage, _d@ The Subclavius. 
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anterior border of the bone, a slight ridge. The tu- 
_ bercle and ridge give attachment to a muscle, e and 
separate two shallow grooves ; of which the ante- 
rior transmits a large vein, f the posterior a large 
artery. f 

183. SECOND nIB. Hasa hardly perceptible augle, 
and no twist on its axis; so that, like the former, it 
touches, with both ends at once, any plane surface on 
which it may be laid. The outer surface, though 
not horizontal like that of the first rib, looks a good 
deal upward; and presents near the middle a 
rough eminence, which gives attachment to part of a 
large muscle.g Its inner surface, which is directed 
more downward than that of the ribs in general, pre- 
sents near the tuberosity that groove which is gener- 
ally found on the lower edge of arib. Besides this 
difference in position, the groove of the second rib is 
very short. 

184. TentH r1B. The /ead presents only a single 
articulating surface, to correspond with the single ar- 
ticular cavity on the body of the tenth dorsal. 

185. ELEVENTH and TWELFTH RIBS. In these ribs 
the head is large, but has only a single articular sur- 
face, and the anterior extremity is attenuated. They 
are not conneeted with the transverse processes of 
their respective vertebre, and are consequently des- 
titute of tuberosity and neck. The eleventh has a 
very slight angle situated far forward, and a short 
indistinct groave ; but in the twelfth, angle and 
groove are alike imperceptible. These points, with 


e The Scalenus anticus. 
f The Subclavian. 
g The Serratus magnus. 
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the superior length of the eleventh, are the only 
marks of distinction between the two vertebral or 
floating ribs. The ossification of these ribs proceeds 
from a single point: whereas the other ribs are de- 
veloped by three. 

OF THE COSTAL CARTILAGES. These are white 
elastic substances, corresponding in number, general 
form, and situation to the ribs, of which they form 
the anterior prolongations. Their width, and the 
intervals by which they are separated, diminish gra- 
dually from the first to the last. Each cartilage, 
moreover, diminishes in width from its outer to its 
inner extremity ; except the first and second, which 
are of equal width in their whole extent, and the 
sixth, seventh, and eighth, which are considerably 
enlarged where their edges come into contact. Their 
length increases from the first to the seventh; and 
diminishes from the seventh to the last. The seven 
upper cartilages areconnected by their inner extremi- 
ties with the sternum. The three succeeding cartilages 
are connected, each with the lower border of the carti- 
lage immediately above it; while the two last, which 
are short and pointed, float, unconnected and free, 
in the muscular parietes of the abdomen. With re- 
gard to the direction of the costal cartilages, it may 
be observed that the first descends slightly from the 
rib to the sternum, while the second is nearly hori- 


h Sometimes there is a supernumerary cartilage 
projecting from the side of the sternum, not. con- 
nected with any rib, but terminating gradually in 
the substance of the muscles. _When this rudimen- 
tary cartilage occurs, it is usually formed between 
the third and fourth rib. 
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zontal, and the third ascends a little to its sternal 
- qnsertion. The four remaining cartilages of the 
vertebro-sternal ribs, and all those of the vertebro- 
~ costal ribs, follow for a few lines the direction of the 
ribs to which they respectively belong, and then 
forming a curve, ascend to their insertion in the ster- 
num, or in the preceding cartilage. The abruptness 
of this ascent increases from above downwards. The 
two last cartilages, which are quite rudimentary, fol- 
low the direction of the vertebral ribs to which they 
are attached. 

The anterior surface of each costal cartilage is di- 
rected forward, and a little upward and outward ; 
and is slightly arched or convex. The posterior sur- 
face has an opposite direction, and is concave. Of 
the borders, which correspond to the intercostal 
spaces, the upper is concave, and the lower convex. 
The contiguous borders of the sixth, seventh, eighth, 
ninth, and tenth costal cartilages present smooth ob- 
long surfaces at the places where they articulate 3 
at which parts they are also somewhat enlarged. 
The outer extremity of each cartilage is continuous 
with the osseous tissue of the rib to which it belongs. 
The inner extremity of the first is continuous with 
the osseous tissue of the sternum ; but the inner ex- 
tremities of the six next are furnished with convex 
articular surfaces, which play in the corresponding 
cavities on the borders of the sternum, in the verte- 
bro-costal ribs, (the eighth, ninth, and tenth of the 
series,) this extremity is pointed, and lies in contact 
with the lower edge of the cartilage above ; in the 
two vertebral or floating ribs, (the eleventh and 
twelfth,) itis pointed and free. The costal cartilages 
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(which are the largest and strongest cartilages in the 
body), give origin and insertion to numerous muscles. 

The following muscles take origin from the cos- 
tal cartilages: Subclavius from upper border of 
first. Sterno-hyoid from posterior surface of first. 
Sterno-thyroid from posterior surface of second. In- 
tercostales interni from lower border of all except 
last. Portio deprimens of pectoralis major from an- 
terior surface of second, third, fourth, fifth, and sixth. 
Rectus abdominis from fifth, sixth, and seventh. 
Diaphragm transversalis abdominis from inner sur- 
face of seventh border. 

The following muscles are inserted into the costal 
cartilages :—Intercostales interni into the upper bor- 
der of all but the first. Obliquus internus abdominis 
into interior border of seven lowest. Triangularis 
Sterni into posterior surface of third, fourth, fifth, 
and sixth. 


OF THE THORAX IN GENERAL. 


187. The thorax in shape resembles a cone, trun- 
cated at the apex, which is situated above, flattened 
before and behind, and cut off somewhat obliquely 
at the base. The axis of the cone is not vertical, 
but inclined from above downward and a little for- 
ward, The thorax is of a symmetrical form, and 
presents for examination an-exterior and an interior 
surface, an upper and a lower aperture, and a cavity. 

188. SurFaces, Exterior. Dividedinto an anterior, 
a posterior, and two lateral aspects. The anterior 
aspect is inclined from above forward and downward, 
so that its direction is forward and upward. It pre- 
sents in the middle the anterior surface of the ster- 
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num and ensiform appendix, and on each side of this 
the sterno-costal cartilages increasing in length and 
curvature from above downward, and separated from 
each other by intervals, which diminish in width from 
above downward, and are closed in the recent state 
by a series of thin flat muscles. i Its posterior aspect 
is convex from above downward, alternately convex 
and concave from side to side. It presents in the 
middle the posterior surface of the dorsal region 
of the spine, with its vertebral grooves, separated by 
the row of imbricated spinous processes, limited ex- 
ternally by the series of strong clubbed transverse 
processes, and presenting intermediately the ranges 
of articular processes. Beyond the transverse pro- 
cesses appear the outer surfaces of the ribs, which 
are here very convex, present the row of tuberosities, 
and further outward the angles of the ribs. These 
latter form on each side an oblique line, interrupted 
by the intercosted spaces, and running from above 
downward and outward. The lateral aspects of the 
thorax are more convex than the others; and directed 
outward in the middle, outward and a little upward 
above, outward and a littledownward below. Here 
are seen the smooth external surfaces of the ribs 
running from behind obliquely downward and for- 
ward, and separated by the intercosted spaces—a 
series of intervals which are shorter and broader 
above and below than in the middle of the thorax, 
broader also at its posterior than at its anterior part, 
and closed in the recent state by two layers of mus- 
cular fibres.j The lateral aspects present, moreover, 


z Intercostales interni. 
J Intercostales interni and externi. 
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at their lower part the cartilages of vertebro-costal, 
and of the vertebral or floating ribs; the former 
united with each other, the latter free. The exterior 
surface gives attachment to numerous muscles. Jz- 
terior. Divided like the exterior surface into four 
aspects. The anferior aspect is directed downward 
and backward, and presents the posterior surface of 
the sternum, of the ensiform appendix, and of the 
sterno-costal cartilages. The posterior aspect pre- 
sents in the centre the bodies of the dorsal vertebre, 
which project into the cavity of the thorax, forming a 
sort of curved ridge, concave from above downward, 
convex from side to side; on each side of these 
appear the heads of the ribs, directed and received 
into the cavities formed by the junction of the facets 
on the bodies of the dorsal vertebre—then come 
the necks (the two or three uppermost contracted, the 
rest wider—more or less—than the shafts), and then 
the bodies of the ribs, each with its smooth and 
concave interior surface, and its grooved infe- 
rior margin. The ribs, projecting backward on 
each side of the spine, and then curving rather 
suddenly forward, form two elongated cavities 
resembling large grooves, narrow above, wide below, 
deepest in the middle. The lateral aspects are con- 
cave, and present, like the last described, the smooth 
inner surface, and grooved lower borders, of the ribs, 
with the intercostal spaces between. 

189. AperTuRES. Superior. Smaller than the 
inferior, of an oval form, with the longest diameter 
transverse, inclined from behind forward and down- 
ward, so that its axis is directed from below forward 
andupward. | Itis formed in front by the upper bor- 
der of the sternum, on each side by the inner edge of 
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the first rib, and behind by the body of the first dorsal 
vertebre, which project forward so as to destroy 
the regularity of the oval, and render it somewhat 
heart-shaped. It is traversed by several important 
organs, £ and its circumference gives attachment in 
front and behind to several muscles./ Inferior. 
Very large, and like the upper, transversely oval. 
Its circumference is irregular, presenting alternate 
notches and projections. It is bounded in frout by 
the ensiform appendix, on each side of whichis a 
convex margin, formed by the united lower borders 
of the cartilages of the vertebro-costal ribs. Next to 
these appear the tips of the floating ribs, with the 
interval between them; then the lower margin of 
the last rib, which runs backward, inward and upward; 
and lastly, the body of the lowest dorsal vertebre. 
We have, therefore, in front, a deep notch divided 
into two by the ensiform appendix, laterally, two 
curved eminences formed by the costal cartilages, and 
behind, two notches formed, one on each side, between 
the lower margin of the last rib, and the spine. The 
axis of this aperture is directed downward and for- 
ward ; it is closed, in the recent state, by a large 
muscle,m and transmits several important organs. 7 
190. CAvITY oF THE THoRAX. The shape of this 
cavity may be inferred from the description of 


k Trachea and esophagus; subclavian and carotid 
vessels ; vagus, sympathetic, and other nerves, 

Z Sterno-hyoid, and sterno-thyroid in front; longi 
colli behind. 

m Diaphragm. 

nm Cisophagus, aorta, vena cava, sympathetic nerve, 
&e. 
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the frame-work by which it is enclosed. (187-8.) 
It is chiefly occupied by the central organs of rez 
spiration and circulation ; but at its lower part it 
protects a portion of the abdominal viscera. This is 
permitted by the arched form of a horizontal muscu- 
lar partition (called the diaphragm), which, in the 
recent subject, separates the thoracic from the abdo- 
minal cavity. The relative size of the supra and 
infra-diaphragmatic divisions of the thorax varies 
with the alternate rise and fall of the diaphragm in 
respiration. The form and dimensions ef the thorax 
differ, moreover, in the opposite sexes, and in the 
same individual at different periods of life. It is 
wider and shorter in the female than in the male. 
In the adult its transverse diameters exceed those 
which are measured from the anterior to the poste- 
rior wall. In the foetus, on the contrary, its antero- 
posterior exceed its transverse diameters. At birth, 
when respiration commences, it experiences a sudden 
increase of size; and its development undergoes a 
remarkable temporary acceleration at the period of 
adolescence. The capacity of the thorax indicates 
the volume of the lungs, which usually bears a direct 
proportion to the development of the muscular sys- 
tem, and the general vigour of the body. An ex- 
panded chest is the sign of sound health; a narrow 
contracted chest, with a prominent sternum, indi- 
cates an inherent weakness of constitution, and is 
frequently accompanied by a consumptive tendency. 
Besides these congenital diversities in the shape of the 
thorax, the student will meet, in the dissecting-room, 
with others which are produced by artificial means 
during life. For an example of these we may refer 
to the distortion which is caused by wearing a tight 
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bandage round the middle region of the body. This 
practice, which reduces the expanded lower circum- 
ference of the chest to two thirds of its natural size, 
and impairs, to a dangerous extent, the functions of 
digestion and respiration, prevails among the females 
of several European nations; who prefer an abrupt 
indentation of this part of the body to the flowing 
curve of its natural outline. So highly, indeed, 
is this unsightly deformity esteemed, that the thorax 
is often subjected to compression at an early age, 
before the bones are firmly knit, ia order the more 
effectually to force in the lower ribs upon the abdo- 
minal viscera. 

From birth to adult age the cavity of the thorax 
undergoes, during every respiration, an alternate in- 
crease and diminution of capacity, owing partly to 
the rise and fall of its muscular floor, partly to cer- 
tain motions of its bones and cartilages, which we 
shall presently proceed to explain. In old age the 
cartilages of the thorax ossify, its joints grow rigid, 
its different pieces become gradually less and less 
moveable on each other, and respiration is at last 
performed almost entirely by the action of the dia- 
phragm. 

191, MECHANISM OF THE THORAX. The principal 
office of the thorax is to contain and protect the lungs, 
and to pump air alternately into and out of their cells ; 
the middle region of its cavity is occupied by the 
heart ; and by its outer surface it affords attachment, 
and a firm centre of action, to the arms, and to numer- 
ous muscles. Each of these three functions requires, 
for its due performance, the fulfilment of a different 
condition. The first involves the incessant motion 
of the walls of the thorax, and the alternate fall and 

P 


210 MECHANISM OF THE THORAX. 


re-ascent of its floor through a considerable space, 
The second, on the contrary, requires that the floor, 
so far as it serves to support the heart (the pulsation 
of which is disturbed by any considerable change of 
its relative position), should descend very little during 
inspiration. The third requires that the elastie, 
moveable hoops of the thorax should be capable of 
suddenly assuming the qualities, and condition, of a 
rigid, jointless framework. 

Without entering at length into the physiology of 
the diaphragm, which forms the floor of the chest, we 
may observe that its central part, which supports 
the heart, is a flat, tendinous expansion; while the 
lateral portions, which sustain the lungs, are com- 
posed of curved muscular fibres. By the contraction 
of the anterior and posterior portions of the muscle, 
the central aponeurotic tendon is rendered tense, so 
as to become a fixed centre for the action of the 
lateral fibres; but being flat, and connected by short 
muscular fibres to the xiphoid appendix, it descends 
but little. The lateral muscular fibres, on the con- 
trary, are very long, and arch upward into the cavity 
of the thorax, reaching at their highest point the 
level of the fifth rib. Each lateral muscular vault, 
in contracting, tends to bring the whole length of 
its curved fibres into the same plane; this can only 
happen by a considerable descent of its highest point ; 
which descent involves the vertical dilatation of the 
lateral portion of the thoracic cavity. Such is the 
twofold structure, and function, of the musculo-apo- 
neurotic floor of the thorax. _ We have next to 
consider the mechanism of its osseo-cartilaginous 
walls, and to ascertain, in the first place, by what 
manner of motions they alternately dilate and con- 
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tract the cavity of the chest; and secondly, how this 
moveable framework is enabled suddenly to assume 
a temporary rigidity, so as to furnish the upper extre- 
mities, and the muscles which are attached to its 
surface, with a fixed, unyielding centre of action. 

if we examine, in askeleton, the hoop formed by a 
pair of true ribs and costal cartilages, we shall find 
that it is inclined in two senses: Ist, the entire hoop 
is inclined downward and forward, from its spinal to 
its sternal attachment, so that its anterior is lower 
than its posterior portion ; 2dly, each lateral segment 
of the hoop is inclined downward and outward from 
the median plane of the body, so that the middle of 
the shaft of each rib is below the middle of a straight 
line connecting its extremities. To bring a rib, thus 
inclined, into a horizontal position, two things would 
be necessary: first, its anterior extremity must be 
raised to a level with its posterior extremity; and 
then its middie portion must be raised to a level with 
itsends. Itis evident that the former of these ac- 
tions would carry forward the anterior extremity of 
the rib and the sternum ; thereby increasing the an- 
tero-posterior diameter of the chest; and that the 
latter would carry outward the middle of the rib, 
thereby increasing the transverse diameter of the 
chest; so that, performed together, they would 
dilate the cavity in both directions at once. Now, 
each rib is provided with muscles by which its incli- 
nation with regard to the spine, and its inclination 
with regard to the median plane, are simultaneously 
diminished, all its parts being brought nearer to the 
horizontal plane in which its posterior extremity is 
situated. When we add that these muscles act 
during inspiration, and that their antagonists restore 

Boo 
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the ribs and sternum to their former position during 
expiration, the alternate dilatation and contraction 
of the walls of the thorax are sufficiently explained ;0 
and we may proceed to consider, in the last place, 
the condition of rigidity, and the mechanical pro- 
visions by which it is attained. 

And here we may observe that the condition of 
mobility, being in constant requisition day and night, 
is therefore the natural or spontaneous condition of 
the thorax; whereas the condition of rigidity, being 
only required when certain particular muscles are put 
into unusually strong action, is a temporary condi- 
tion, produced by a voluntary effort, and maintainable 
only for a short time. To produce this temporary 
Mies Coe a 8 ee Se 

o Of the numerous conflicting theories which 
have been proposed, in explanation of the respira- 
tory motions of the thorax, several are at variance 
with plain facets, and may be satisfactorily refuted by 
direct observation. Such is the doctrine of the 
immobility of the first rib, originally advanced by 
Haller. It is only necessary to move the sternum 
up and down, in the dead subject, in order to be con- 
vinced, with Magendie, that the first rib is not less 
moveable than any other of the series. But there 
are some prevalent opinions which are not so easily 
brought to the test of experiment; as for instance, 
that which is maintained by Cruveilhier in the fol- 
lowing passage :— 

“Le sternum n’éprouve pas dans son ascension un 
mouvement de bascule, comme le pense Haller ; 
mais ilest porté en haut par un mouvement de 
totalité, en conservant sa direction primitive, ainsi ~ 
que Borelli l’avait tres-bien indiqué.” 
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rigidity of the thorax, we first expand it by a deep 
inspiration, and then, closing the glottis (or aperture 
of the windpipe), put the muscles of expiration into 
action, so as forcibly to compress the air within. In 
this state of things, the elastic force of the condensed 
air, and the tension of the muscles of expiration, 
operate as antagonist forces, equally preventing the 
expansion, and the eontraction, of the thorax. This 
explanation is confirmed by common experience. 
Every one has observed that in taking a leap, striking 
a blow, or any other violent exertion of the body, 
the breath is instinctively drawn in, and held; anc 


Now, I think that, whether with Haller we consi- 
der the first rib to be fixed, or with Cruveilhier ad- 
mit its mobility, afew very simple considerations will 
be sufficient to prove, that it is absolutely impossible 
for the sternum to “ preserve 
its original direction” during the 
respiratory motion of the tho- ae 
rax, as Cruveilhier in this pas- 
sage contends. 

Let a b fig.1 represent the 
spinal column, d f the sternum, 

e d the first vertebro-sternal rib 
(short and almost perpendicular fi 
toab), and ef the last verte- 
bro-sternal rib (long and consi- g*.. 
derably inclined on a db). ? 

If the first rib is fixed, it will prevent the sternum 
from ascending, but will allow it to advance at its 
lower extremity (to a distance depending on the ex. 
tensibility of the costal arc e f), by turning above 
on d, as its centre, and describing below the segment 
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that, just as the action is completed, the glottis opens, 
and the air escapes with an audible rush, which 
proves that it has been subjected to compression 
within the lungs. 

pile edit. ha Ru ohh ees See es ee oe 
fg ofacircle. Any two positions of the sternum, dur- 
ing an advance of this kind, would represent two 
radii of the same circle; and, therefore, could not 
be parallel to each other. 

If, on the other hana, the first 
rib turns during inspiration on 
its vertebral joint (as Cruveil- 
hier admits, and as it really does), 
its anterior extremity will ascend 
in the are dh, fig. 2; while the 
seventh rib, also turning at its 
vertebral articulation, will ascend 
in the arc f 7, carrying the ster- 
num forward and upward, into 
the position shown by the dotted 
line A 2. 

The ares, dh and fi, also re- 
present the paths in which the 
ends of the sternum will respectively move. Now 
it is shown, in the diagram, that these paths differ 
very considerably as to their curvature and direction ; 
being in fact segments of unequal circles. But if 
the ends of the sternum advance unequally, the in- 
clination of this bone must necessarily undergo a 
constant change during the motions of respiration. — 
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OF THE PELVIS. 


192. The pelvis is an irregularly shaped, osseous 
girdle attached to the lower end of the spinal column, 
whichit supports, and resting below on the thigh bones, 
to which it transmits the weight of the trunk. It is 
intermediate in size between the cranium and tho- 
rax ; but it is stronger, and more massively framed, 
than either. It is composed, in the adult, of four 
bones, viz., the two ossainnominata, or haunch-bones, 
which bound it laterally and in front, and the sa- 
crum and coccyx, which complete it behind. The 
two latter bones form a continuous line with the 
spinal column, of which they are universally admit- 
ted to be the degenerate termination. The haunch 
bears the same relation to the leg, that the shoulder 
does to the arm; each being considered by Cruveil- 
hier, and many other descriptive anatomists, as the 
first division of the corresponding extremity ; but, by 
the transcendental anatomists, as a portion of the cos- 
tal series, analogous to the lateral arcs of the thorax.a 
We must again remind the student, that the division 


a The transcendental anatomists regard the osseous 
girdle formed by the shoulder-blades and collar-bones, 
as a series of cervical ribs, coalesced, and otherwise 
modified, to adapt them for the support of the arms. 
The upper half of the manubrium is, in their view, 
a condensed cervical sternum, articulating with the 
cervical ribs. So again they trace in the ossa inno- 
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of the skeleton, adopted in this treatise, is intended 
merely to furnish a simple and convenient order of 
description, not to indicate the true analogies of the 
bones, which would suggest an arrangement in the 


minata, and the anterior portion of the lateral mass 
of the sacrum, a series of sacral ribs, consolidated 
into a mass, and coalescing with the transverse 
processes of the sacral vertebree, in order to form a 
strong framework for articulation with the lower 
extremities. The sternum is here represented by 
the inter-pubic fibro-cartilage. In the abdomen 
these parts are reduced to mere vestiges; the 
linea alba representing the sternum, and the ten- 
dinous intersections of the rectus being indications 
of abdominal ribs. These views, supported as they 
are by the most comprehensive induction of facts 
from comparative anatomy, seem to me to deserve 
more attention than is bestowed on them by the 
medical students in this country ; for which reason 
it is that the present, and several] other notices, 
of the transcendental philosophy, have been intro- 
duced into this treatise.—I take this opportunity of 
correcting an error which has escaped me in speaking 
of the transcendental relations of the teeth, note (¢), 
page (111). The teeth are vestiges, not of the de7- 
moid skeleton, as there stated, but of the splanchnal 
skeleton, as subsequently stated in note (A), page 
(116). The discrepancy is not so considerable as it 
appears at first sight, for the epidermis of the ex- 
terior cutaneous tegument (which, with its appen- 
dages, represents the dermoid skeleton), and the 
epithelium of the interior mucous tegument (which, 
with its appendages, represents the splanehnal skele- 
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highest degree paradoxical and perplexing to the 
beginner. With this caution we may proceed, in 
the first place, to describe separately the four bones 
of the pelvis; and secondly, to review the cavity 
which they form by their conjunction. 


OF THE SACRUM. 


193. The sacrum is a large, pyramidal bone, in- 
serted, like a wedge, between the two ossa innomi- 
nata. It forms the upper and back part of the pel- 
vis; its base articulates with the last lumbar ver- 
tebra; its apex, which is directed downward and 
forward, unites with the coccyx. It is originally 
formed in five separate pieces, analogous to the 
vertebre of the spine—of which, in fact, the sacro- 
coccygeal column is the inferior prolongation. At 
the age of 15, the sacral vertebre (also called the 
false vertebre, in contradistinction to the spinal or 
true vertebre) begin to unite ; the transverse processes 
are blended into a continuous mass on each side, and 
the joints of the bodies anchylose ; so that, at 25 years 
of age, the whole series is consolidated into a single 
bone. 

The sacrum is curved upon itself, so as to be con- 
vex behind, concave infront. Inthe natural posi- 
tion, it is directed obliquely from above downward 
and backward, so as to form with the lumbar verte- 
bre a prominent angle, of which we shall have occa- 


ton), are continuous with each other at the orifice of 
the mouth :—and when the front teeth grow upon 
the line of junction, as they do in many fishes, they 
may be referred to either skeleton indifferently. 
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sion to speak in our general review of the pelvis. 
The sacrum presents four surfaces, a base, an apex, 
and a canal. : 

194. SURFACES. Anterior. More extensive, in gene- 
ral, than the posterior, wider above than below, slightly 
concave in the transverse, very concave in the longitu- 
dinal direction, It presents, in the median line, the 
bodies of the five sacral vertebree, separated by four 
transverse ridges. External to these, on each side, 
appear four holes, leading into the sacral canal, and 
analogous tothe inter-vertebral foramina (25). Ex- 
ternal to these, again, is the anterior surface of the 
lateral mass formed by the conjoined transverse pro- 
cesses of the sacral vertebre. Examining these ob- 
jects more closely, we observe, that the bodies dimi- 
nish in size from above downward; that the upper- 
most is convex, the others nearly plane, from side to 
side; and that each is concave in the longitudinal 
direction. The holes, which are called the anterior 
sacral foramina, correspond in position to the four 
transverse ridges (every ridge having a hole at each 
end). The two upper holes, on each side, are large 
and rounded; the two lower are smaller, and of a 
less reguiar form. They all give passage to nerves. 6 
The anterior surface of the conjoined transverse pro- 
cesses is smooth, and traversed by four wide, shal- 
low grooves, leading horizontally outward from the 
anterior sacral foramina, and lodging the nerves 
which those foramina transmit. These grooves are 
separated by slight horizontal ridges, which give 
attachment to the digitations of a muscle. c 


6 Anterior branches of sacral nerves. 
e Pyriformis. 
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Posterior. This surface is convex, and uneven. 
It presents, in the median line, the rudimentary 
spinous processes of the sacral vertebre. Imme- 
diately external to these, on each side, are the la- 
mine ; beyond these appears a series of indistinct 
tubercles, representing the articular processes ; close 
on the outer side of these are the posterior sacral 
foramina ; and just beyond these is another row of 
tubercles, which represent the extremities of the 
transverse processes, d and separate the posterior from 
the lateral surface. Of the spinous processes, the 
uppermost is usually very prominent, and separate 
from the others, The second, the third, and the 
upper half of the fourth, unite to form a tubercular 
ridge,, which becomes less prominent as it descends, 
and disappears opposite the middle of the fourth 


d Cloquet regards these eminences as the repre- 
sentatives of the articular processes of the spine, and 
makes no mention of the tubercles which we (with 
Cruveilhier and others) describe as rudimentary 
articular processes. But the relative position of the 
two rows of tubercles, clearly indicates, I think, 
their true analogies. The two processes by which 
the sacrum articulates with the last lumbar vertebra 
above, and the cornua sacralia, by which it articu- 
lates with the first coccygeal bone below, are admitted 
‘on -all hands to be analogous to articular processes. 
Now the tubercles described in the text as articular, 
extend in a direct line between these processes. On 
the contrary, the tubercles which Cloquet describes 
as articular, are in a line with the transverse pro- 
cesses of the lumbar vertebre, and half an inch ex- 
ternal to the range of articulating processes. 


220 SACRUM. 


sacral vertebra. The lower half of the fourth sacral 
vertebra, and the whole of the fifth, are deficient in 
spinous process and laminz ; so that the sacral canal 
is here laid open, aud appears as a wide vertical 
groove, bounded on each side by a tubercular ridge, 
These ridges are formed by the articular processes 
of the fourth and fifth sacral vertebre; they project 
downward, under the name of cornua sacralia, or 
horns of the sacrum, to meet corresponding processes 
of the coccyx, with which they ultimately coalesce. 
Beneath each sacral horn is a notch, which transmits 
anerve.e The lamine present nothing remarkable : 
they are long and thick in the first sacral vertebra, 
and deficient in the fifth, and in the lower half of 
the fourth, as we have already had occasion to ob- 
serve. Of the articular processes, the uppermost 
pair are well developed, but as they belong to the 
base of the sacrum, their description is deferred (195). 
The second and third pair are represented by small 
indistinct tubercles; the fourth pair are more dis- 
tinct, and contribute to form the ridges that bound 
the terminal groove of the sacral canal; the fifth 
pair also contribute to those ridges, and are pro- 
longed downwards to form the sacral horns. The 
posterior sacral foramina, four on each side, lie just 
external to the tubercles representing the articular 
processes. They are exactly opposite to the ante- 
rior sacral foramina, but smaller, and less regular in 
form. Like the anterior, they communicate with 
the sacral canal, and serve for the transmission of 
nerves. f The tubercles which represent the truns- 
verse processes, are large, and give attachment to, 
ee ey ee ee ee 


e Fifth sacral. Jf Posterior branches of sacral. 
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strong ligaments.g The uppermost pair are parti- 
cularly distinct; appearing, one on each side, asa 
horizontal tubercular eminence on the boundary line 
between the posterior surface, and the base, of the 
sacrum. The space between the transverse and 
Spinous processes, is concave from side to side, and 
forms a channel, continuous with the vertebral 
groove of the spine, and called the vertebral groove of 
the sacrum, or, more shortly, the sacral groove. The 
posterior surface gives attachment to several mus- 
cles. Lateral. This aspect is broad above, but it 
narrows into a mere edge below. It presents, supe- 
riorly, a rough, semilunar surface, directed outward, 
backward, and a little downward, for articulation 
with a corresponding surface on the os innominatum. 
This surface of the sacrum is sometimes called the 
auricular, or ear-shaped surface. It is bounded, pos- 
teriorly, by some rough depressions, for the attach- 
ment of strong ligaments. 7 Beneath the auricular 
surface is an uneven edge, which gives attachment to 
ligaments, 7 and presents, at its lowest part, a deep 
noich, converted, either by a ligament, or by the 
transverse process of the first coccygeal vertebra, 
(202) into a hole, which transmits a nerve. k 

195. Base. This aspect is directed upward and 
= Sit ES Sire Soren any Mal See | ee ee 

g Sacro-sciatic. : 

Ah The spinous processes give attachment to the 
aponeurosis of the latissimus dorsi; and the sacral 
grooves, to the fleshy mass by which the sacro-lum- 
balis and longissimus dorsi commence, and to the 
glutzus maximus. 

t Sacro-iliac. Jj Sacro-sciatic, 

k Anterior branch of fifth sacral. 
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forward. It is widest transversely. and presents, in 
the median line, an oval surface, exactly resembling 
the articular surface of the body of the last lambar 
vertebra, to which it is joined by the intervention of 
the last intervertebral fibro-cartilage. Behind this 
articular surface appears the upper orifice of the 
sacral canal, large and triangular, bounded, in front 
by the body, and behind by the lamine, of the first 
sacral vertebra. Behind this orifice is seen the 
upper border of the spinous process of the first sacral 
vertebra; beside it appear the upper articular pro- 
cesses of the first sacral vertebra. Each of these 
processes presents an oval, cartilaginous surface, 
concave from side to side, plane from above down- 
ward, and directed backward, inward, and a little 
upward, to articulate with the inferior articular pro- 
cess of the last lumbar vertebra. In front of each 
articular process is a notch, which, with the inferior 
notch of the last lumbar vertebra, forms the last zn- 
tervertebral foramen. The only remaining objects 
presented by this aspect, are two smooth, triangular 
surfaces, concave transversely, convex from before 
backward, extending outward, one on each side, from 
the central articular surface of the base, to be- 
come continuous, in the united pelvis, with the 
internal iliac fossa of the os innominatum. These 
surfaces are sometimes called the ale of the sacrum ; 
the rounded angle, formed by their junction with the 
anterior surface, is continuous with the linea tleopec- 
tinea of the os innominatum (209), and forms part 
of the brim of the true pelvis (218). 

196. Apex. Is directed downward and a little for- 
ward, and presents only a concave, oval surface, for 
articulation with the coccyx. 
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197. SacrRAL CANAL, Large and triangular above, 

small, and flattened from before backward, below. 
It follows the curve of the sacrum, is continuous 
above with the vertebral canal, and is reduced below 
to a groove, by the deficiency of its posterior wall 
between the sacral horns. In the recent subject, 
however, this groove is converted into a canal by 
ligamentous fibres which extend between the cornua, 
The sacral canal lodges nerves,/ and its walls are 
perforated by the anterior and posterior sacral fora- 
mina, through which those nerves pass out. 
- 198. Srructure. Light and spongy within, in- 
vested by a thin layer of compact tissue externally. 
DEVELOPMENT. Each of the three upper sacral 
yertebree is developed by five ossific points, one for 
the body, two for the lamin, two for the lateral 
masses which represent the transverse processes. The 
two lowest sacral vertebre are developed by three 
points each, one for the body, two for the lateral 
masses. The articular surfaces of the body of every 
sacral vertebra, and the two auricular surfaces of 
the sacrum, are developed separately, each as a thin 
plate, which subsequently unites with the rest of the 
bone. Each of these twelve epiphyses is developed 
by a separate point; which, with the twenty-one be- 
fore mentioned, make up the number of thirty-three 
ossific points for the sacrum. ARTICULATIONS. With 
the last lumbar vertebra, the ossa innominata, and 
the coccyx. 


Sacral, 
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CUhVATURE OF THE SACRUM.— 


199. The sacrum is somewhat wider in the female 
than in the male. Its relative curvature in the two 
sexes, is a subject upon which contradictory opinions 
have been delivered by anatomists of high authority. 
Cloquet says that the female sacrum is more curved 
than that of the male. Others maintain a directly 
opposite opinion. Cruveilhier states that he has 
examined the sacrum in many male and female 
subjects, without finding any difference sufficiently 
pronounced and constant, to be taken as charac- 
teristic of the sexes. 

As this is a question of considerable interest to the 
practitioners of midwifery, I have endeavoured, by 
employing an exact mode of measurement, to arrive 
at a correct decision on this point; and shall here 
state briefly the method, and the results, of my ob- 
servations. A narrow strip of sheet-lead was pressed 
against the anterior surface of the bone, so as to re- 
ceive its exact curvature in the median line. The 
lead was then laid edgeways on a sheet of paper, and 
_ its curve was traced with a pencil. The annexed 
diagram exhibits curved lines obtained in this man- 
ner, from the sacra of four male, and four female 
pelves, belonging to the museum of King’s College. 
An extensive series of similar observations gave the 
following general conclusions :— 

1. The curvature of the female sacrum belongs 
chiefly to the lower half of the bone. The upper 
half is nearly straight. 2. The male sacrum is, on 
an average, more curved than that of the female; | 
and its curvature is more equally distributed over its | 
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whole length. 3. The male sacrum, in many in- 
stances, approximates in its form to that of the fe- 
male, but the female sacrum rarely presents the 
characters proper to the male. Thus it is much 
more common to find a very straight sacrum ina 
male subject, than one that is very much curved in a 
female. (Fig. 9, in the diagram, represents the 
curvature of the straightest male sacrum I have ever 
met with.) 

The curvature of the sacrum is liable to be changed 
after birth by pressure.* A dealer in bones, who 
obtains his supplies from a French military hospital, 
informs me that the skeleton of a horse soldier may 
generally be distinguished from that of a foot soldier, 
by the more sudden curvature of the sacrum. 


OF THE COCCYX. 


200. A series of four, sometimes five, small ver- 
tebree, resembling those of the sacrum, but still more 
degenerate and rudimentary. Uniting successively 
with each other, these coccygeal vertebra form, in 
the adult, a single bone, of a triangular form, articu- 
lated by its base to the apex of the sacrum, with 
which it ultimately contracts an osseous union ; so 
that, at a late age, the entire sacro-coccygeal column 
forms but one bone. The coccyx is a vestige, in the 
human race, of the tail of quadrupeds. ~ It presents 
for examination two surfaces, two lateral borders, a 
base, and an apex. 

201. SURFACES. Anterior. Smooth, slightly con- 
cave, forming a curve continuous with that of the 
sacrum ; marked with three transverse grooves, indi- 
cating the junction of the coccygeal vertebre. It is 
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covered by a ligament,m and supports a portion of the 
alimentary canal.” ‘Posterior. Convex, marked with 
transverse grooves like those of the anterior surface, 
and also with two rows of tubercles, which represent 
the articular processes of the coccygeal vertebre. The 
uppermost pair of these tubercles are prolonged up- 
ward, to meet the descending articular processes of 
the last sacral vertebra; and, as the latter processes 
are called the cornua of the sucrum, so are these deno- 
minated the cornua oy'the coccyx. The cornua of the 
sacrum and coccyx, together with the bodies of the 
false vertebrae to which they respectively belong, 
complete a pair of foramina, which transmit each a 
nerve.o The coccygeal vertebre are destitute of 
laminee and spinous processes, and consequently also 
of vertebral canal, and intervertebral foramina. 
This surface of the coccyx is covered by a ligament,p 
and affords insertion to part of two large muscles.g 
202. LATERAL Borpers. Thin and uneven, pre- 
senting, alternately, eminences, which correspond to 
the transverse processes of the spine, and notches, 
which indicate the original separation of the coccy- 
geal vertebre. The transverse processes of the first 
coccygeal vertebra are long, and flattened from before 
backward. They frequently curve upward and join 
the lateral masses of the sacrum, so as to enclose on 
each side a foramen which transmits a nervye.r The 
transverse processes of the second coccygeal vertebra 
are much smaller; and those of the third and fourth 


m Anterior sacro-coccygeal. n Rectum. 

o Fifth sacral. p Posterior sacro-coccygeal, 
q Glutzi maximi. 

» Anterior branch of fifth sacral. 
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are often quite deficient. Indeed, the two last pieces 
of the coccyx are, in general, mere rudimentary 
nodules of bone, without distinct processes or mark- 
ings of any kind. The lateral borders of the coccyx 
- give attachment to ligaments,s and muscles./. 

203. Base. Presents an oval surface, which arti- 
culates, by amphiarthrosis, with the extremity of the 
sacrum. Normally, the coccyx forms a continuous 
line with the sacrum, prolonging its curvature for- 
ward ; but it is sometimes turned upward by the pres- 
sure of sitting, so as to form a right or even an acute 
angle, with the sacrum. 

204. Apex. Sometimes tubercular, sometimes bifid, 
sometimes deflected to the right or left of the median 
line. It gives attachment to atendon,z and to some 
muscular fibres.v 

205. SrrRucTURE. Of spongy tissue, enveloped in 
a very thin layer of compact. DEVELopMEeNT. By 
four points, one for each piece. The upper pieces 
are sometimes developed, each by two lateral points, 
which unite in the median line. ARTICULATION. 
With the sacrum only. 


OF THE OS INNOMINATUM, OR HAUNCH BONE. 


206. An irregularly shaped, unsymmetrical bone, 
articulated behind with the sacrum, in front with its 
fellow of the opposite side, and forming the anterior 
and lateral boundary of the pelvis.. It is the largest 
of the flat bones, and serves as a fulcrum to the lower 
extremity. 


s Sacro-sciatic. t Ischio-coccygei. 
wz Central tendon of sphincter ani externus. 
«x Posterior fibres of Jevatores ani. 
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The haunch bone presents, near the middle of its 
outer aspect, a large cup-like socket, for articulation 
with the head of the thigh bone. From this socket, 
as from a centre, diverge three strong branches of 
bone, viz., the ilium, the ischium, and the pubes. The 
ilium runs from the socket upward and backward, 
expanding into a wide, fan-like plate. The pubes 
runs from the socket horizontally inward, for about 
two inches, and then, making a sudden turn, called 
the angle of the pubes, runs downward for about the 
same distance. The tschium passes from the socket 
downward, for about an inch and a half, expands into 
a large ‘uberosity, and then, curving upward, joins 
the descending portion of the pubes, so as to enclose 
with it a large space called the obturator foramen, 
These three portions of the os innominatum are ori- 
ginally developed as separate bones; and the socket, 
from which they diverge, is itself formed by their 
union. That part of each bone which contributes to. 
the socket (together with the portion immediately 
adjacent), is called its body. The expanded portion 
of the ilium is called its ala, The descending por- 
tion of the pubes is called its ramus ; and the same 
name is applied to the ascending portion of the 
ischium. The point of junction between the ramus 
of the pubes, and the ramus of the ischium, is indi- 
cated, in the adult, by a rough eminence. The lines 
of junction between the three bones in the acetabu- 
lum, are frequently not distinguishable in the adult ; 
but we shall subsequently state the proportion which 
-each bone contributes to that cavity. The student 
should further observe, before commencing the 
minute examination of the haunch bone, that its 
middle portion, which supports the socket, is narrow, 
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and twisted in such a manner that the inner surface 
of the bone looks forward upward and inward, above, 
where it belongs to the ilium ; backward upward and 
inward, below, where it belongs to the pubes and 
ischium. 

207. The os innominatum, considered as a whole, 
presents for examination two borders, and four sur- 
faces. 

208. Borpers. Superior. This border is called 
the crest of the ilium. It is curved so as to appear 
convex, when looked at sideways; alternately con- 
vex and concave, like an italic /, when surveyed from 
above. It is thick, especially towards the extremi- 
ties, so that it may be described as having an internal 
and an external lip, separated by a narrow interval, 
Each of these three divisions gives attachment to 
muscles.w-. The crest of the ilium terminates at 
each end ina prominentangle. The anterior of these 
angles is called the antertor superior spinous process 
of the ilium ; it may be felt distinctly under the inte- 
guments during life; it gives attachment to two mus- 
cles z and a ligament.y The posterior angle, which 
is larger and thicker than the anterior, is called the 
posterior superior spinous process of the ilium ; it 
gives attachment internally to strong ligaments.z 


w Outer lip. Obliquus externus abdominis in 
front, latissimus dorsi behind, fascia lata in its 
whole length. Inner lip. Transversalis abdominis 
in front, quadratus lumborum behind. Jnterval 
between the lips. Obliquus internus in front, erector 
spine behind. 

a Tensor vagine femoris, and part of sartorius. 

y Poupart’s. z Long and short sacro-iliac. 
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Anterior. This border is irregularly concave ; its 
outer half, which belongs to the ilium, is inclined 
from above downward and inward: its inner half, 
which is formed by the body of the pubes, is hori- 
zontal. It forms, by its junction with the crest, the 
angle that has just been described as the anterior su- 
pertor spinous process of theilium. It presents, just 
below this process, a‘xotch, which gives attachment 
to a muscle,a and transmits a nerve. Below the 
notch there is another prominence, called the ante- 
rior infertor spinous: process of the ilium, to which a 
tendonc is attached. Below, and internal to this 
notch, appears a wide shallow groove, over which a 
tendond slides. This groove is bounded internally 
by a rough eminence, called the tlio-pectineal emi- 
nence, which indicates the junction of the pubes and 
the ilium, and gives insertion to a muscle.e Fur- 
ther inward is the smooth, triangular, upper surface 
of the body of the pubes, wider externally than in- 
ternally, and limited behind by a sharp edge, which 
forms the pubic portion of the linea ilio pectinea 
(209). At the inner end of this surface is seen a short 
horizontal ridge, which attaches several muscles,f 
and is called the crest of the pubes. This ridge ter- 


a Sartorius. 6 External cutaneous. 

e Straight tendon of rectus (the external tendon 
of which is attached to some irregularities just above 
the acetabulum). 

d United tendon of iliacus internus, and psoas 
magnus. 

e Psoas parvus, 

Jf Rectus abdominis, and pyramidalis, also part of 
ebliquus internus, and transversalis: 
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minates internally at the angle of the pubes (formed 
by the junction of the body and the ramus), and ex- 
ternally at a tubercle, called the spine of the pubes, 
which projects forward, and gives attachment to a 
ligament.g Inferior. Extends from the angle of 
the pubes to the tuberosity of the ischium. Its 
upper third is vertical, and presents an oval, uneven 
surface, which is united to the similar surface of. the 
opposite bone, by the intervention of a fibro-carti- 
lage; forming the articulation called the symphysis 
pubis. This articular surface often presents eight 
or nine transverse ridges, separated by grooves. Ina 
few specimens I have ebserved, instead of ridges, a 
series of nipple-shaped eminences, regularly ar- 
ranged in horizontal rows, of three or four each. 
This curious structure, which anatomical writers 
have not hitherto described, is doubtless intended to 
enable the interpubic fibro-cartilage, by sending in 
its fibres between those mastoid tubercles, to take a 
firmer hold of the bone. The remainder of the infe- 
rior margin slopes downward and outward, and forms, 
with the corresponding margin of the opposite bone, 
the pubic arch. This margin is nearly straight in the 
male; in the female it is concave, more obliquely 
placed, and turned somewhat forward, so as to pre- 
sent a smooth surface, rather than a sharp edge, 
towards the pubic interval. This border attaches, 
superiorly a muscle, / inferiorly a part of the organs 
of generation.t Posterior. This border extends from 
the posterior superior spinous process of the ilium tothe 
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g Poupart’s. ~ h Gracilis. 
is Crus and erector, penis in the male, clitoridis in 
the female. 
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tuberosity of the ischium. It is exceedingly uneven. 
It presents, immediately below the posterior superior 
spinous process of the tlium, a small notch ; and below 
this again, a small thin eminence, called the posterior 
inferior spinous process of the ilium. Below this is a 
very large deep notch, called the great sciatic notch, 
which transmits a muscle. nerves,k and vessels,/ 
and contributes to form what the student will here- 
after know as the great sciatic hole. This notch is 
bounded below by a sharp triangular eminence, called 
the spinous process of the ischium. Jt is directed 
downward, backward, and inward, and gives attach- 
ment to musclesm and ligaments.2 Beneath this 
process is observed the lesser sciatic notch, a smooth 
depression over which atendono turns ; it is covered, 
in the recent state, with cartilage, and contributes to 
form the lesser sciatic foramen. Below this notch 
there is a broad rough eminence, situated at the 
junction of the posterior and inferior borders, and 
called the ‘uberosity of the ischium. This tuberosity, 
like the crest of the ilium, has two lips, and an in- 
termediate rough surface, each giving attachment to 
muscles.p The inner lip of the tuberosity, and the 
= SE ES ae eee aii ee ae 

J Pyriformis. 

k and / Gluteal, sciatic, and internal pudic. 

m Gemellus superior, levator ani, and ischio- 
coccygeus. n Lesser sacro-sciatic. 

o That of the obturator internus. 

p Outer lip. Quadratus, and adductor magnus. 
Inner lip, Inferior gemellus, and transversalis pe- 
rinzei muscles, and great sacro-sciatic ligament. Jn- 
termediate surface. Long head of biceps, semiten- 
dinosus, and semimembranosus, 
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corresponding edge of the ascending ramus of the 
ischium, project backward a little into the cavity of 
the pelvis, so as to form a slight groove, which is 
‘deepened in the recent subject by a ligament, g and 
lodges important vessels and nerves.r The tubero- 
sity of the ischium forms the lowest angle of the os 
innominatum, and is the part upon which we rest in 
Sitting. 

209. SurFaces. Interior or Pelvic. Presents, pos- 
teriorly, some rough depressions for the insertion of 
ligaments,s and, in front of these. a semilunar surface, 
which articulates with the auricular surface of the 
sacrum. The remainder of this aspect is divided 
into two portions by a curved line, which runs for- 
ward from the articular surface just mentioned, to 
the spine of the pubes. Thisis the linea ilio-pectinea. 
That part of it which belongs to the ilinm is rounded, 
but the public portion is very sharp, and gives attach- 
ment t> two muscles ¢ and a ligament.wz Above this 
line there is a smooth, concave surface, directed for- 
ward, upward, and inward, perforated near the middle 
by the foramen for the medullary artery, and filled 
in the recent state by a large muscle.v It is called 
the internal iliac fossa, or venter of’ the ilium, and, as. 
we shall afterwards see, belongs to the false pelvis. 
Below the linea ilio-pectinea we find, posteriorly, a 
smooth concave surface, covered, in the recent sub-= 
ject, bytwo muscles ;w and, infront of this, the obtu- 


q A process of the greater sacro-sciatic ligament. 


y Pudic. s Sacro-sciatic. 
t Pectineus, and part of psoas parvus. 
u Gimbernaut’s. v fliacus internus. 


w Obturator internus, and levator ani, 
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rator foramen. This hole is large, and of an oval — 
shape, in the male; smaller, and triangular, with 
rounded angles, in the female. It has a thin, uneven 
circumference, interrupted at the upper and outer 
part by a groove, called the groove of the obturator 
foramen, which passes, from the interior of the pelvis, 
forward, inward, and a little downward, and serves to 
transmit vessels, and a nerve.er The greatest diame- 
ter of the obturator hole is directed downward and 
outward: In the recent subject it is closed by a 
fibrous membrane, except. at the groove. Each 
surface of the. membrane gives attachment to a 
muscle.y The obturator foramen is bounded, above, 
by the body of the pubes; below and externally, by 
the body of the ischium; internally, by the united 
rami of the ischium and pubes. _ Exterior. The pos- 
terior and upper part of this sarface looks backward, 
downward, and outward; while its anterior and in- 
ferior portion is directed forward, downward, and 
outward. Posteriorly, it presents the smooth, external 
surface of the ilium, which undulates, so as to be 
concave behind, and slightly convex in front. This 
surface, which is called the dorsum of the ilium, or 
the external iliac fossa, is traversed by three curved 
lines, called the superior, middle, and inferior, semt- 
circular lines of the ilium. The superior semicircular 
line commences atthe crest of the ilium, two inches in 
front of its posterior extremity, and runs downward, to 
terminate at the back part of the great sciatic notch, 
just in front of the posterior inferior spinous process. 


a Obturator vessels and nerve. 
y The posterior surface to the obturator internus. 
The anterior surface to the obturator externus. 
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Its upper extremity is well marked, but it becomes 
indistinct, often quite imperceptible, below. Between 
this line and the outer lip of the crest, lies a narrow 
rough surface, which gives attachment to part of a 
large muscle.z The middle semicircular line is the 
longest, and most distinctly marked, of thethree. It 
commences at the crest of the ilium, two inches 
behind the anterior superior spinous process, and 
runs from thence backward and downward, to ter- 
minate at the posterior part of the great sciatic notch. 
The inferior semicircular line commences at the 
anterior inferior spinous process, or at the notch just 
above it, and runs from thence backward and dowh- 
ward to the anterior part of the great sciatic notch. 
These lines give origin to the aponeurotic fibres of 
three muscles, and the intervening surfaces give 
origin to their fleshy fibres.a 


z Gluteus maximus. 

a The gluteus maximus is attached to the upper 
curved line, and to the small surface between it 
and the crest of the ilium. The gluteus medius is 
attached to the middle curved line, and to the surface 
between it and the upper curvyedline. The gluteus 
minimus arises from the inferior curved line, and from 
the surface between it and the middle curved line. 
The surface between the lower curved line and the 
acetabulum, is covered by the gluteus minimus, but 
does not give origin toits fibres. Of these three curved 
lines, the French anatomists in general recognise 
only the two upper; while the English anatomists, 
on the contrary, usually describe only the two lower. 
What we have here described as the middle line, is 
called the lower by Cloquet and Cruveilhier, and the 
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Proceeding downward and forward from the iliac 
fossa, we come to the cotyloid cavity, or acetabulum, 
a hemispherical, articular excavation, about two 
inches and a half in diameter, directed downward, 
outward, and forward, covered with cartilage, except 
at a large rough depression at the bottom, and cir- 
cumscribed by a prominent uneven margin, which is 
interrupted internally by a deep notch, called the 
cotyloid notch. "This cavity is articulated with the 
head of the femur. Its circumference supports a 
fibro-cartilaginous brim, which deepens the cavity, 
and contracts its orifice. The cotyloid notch gives 
attachment, by its borders, to the interarticular 
ligament,b_ it is converted into a hole by the fibro- 
cartilage of the brim, which stretches across it like 
abridge. The hole thus formed transmits nutrient 
vessels into the joint. The nonarticular depression 
extends from the cotyloid notch to the centre of the 
cavity. It presents several nutrient foramina, and 
lodges a fatty substance.c the use of which is unknown. 


upper by Quain. To increase the ambiguity thus 
created, the upper and middle lines have sometimes 
both been described as superior, in different parts of 
the same work (compare, for instance, pages 230 and 
232 of the Dublin Dissector). These discrepancies 
are of no great importance in themselves, but they 
are likely to mislead the student as to the attach- 
ment of the glutzeal muscles; for which reason it is 
that they are here pointed out. 

6 Ligamentum teres. 

c One of the so-called glands of Havers. (The 
nature of these fatty bodies is still a matter of dispute. 
Their glandular structure, which is denied by Béclard, 
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The acetabulum is formed in front by the pubes, 
below by the ischium, and above by the ilium, the 
pubes contributing one-fifth, the ischium a little more 
than two-fifths, the ilium a little less than two-fifths, 
to the entire dimensions of the cavity. Above the 
acetabulum is a rough impression, indicating the 
attachment of a tendon.@ To its inner side is the 
obturator foramen, already described. Below the 
obturator foramen appear the outer surface, and the 
tuberosity, of the ischium ; and, between the tubero- 
sity and the margin of the acetabulum, there is a 
smooth horizontal-groove, in which a tendon e glides. 
To the inner side of the obturator foramen, is the 
anterior surface of the united rami of the ischium 
and pubes, wider above and below than in the middle, 
where it presents a rough, horizontal ridge, indicating 
the junction of these originally separate portions of 
bone. This surface gives attachment to muscles.f 
Above the obturator foratnen is the triangular ante- 
rior surface of the body of the pubes, limited znter- 
nally by the spine and crest of the pubes; externally 
by the ilio-pectineal eminence ; behind by the pos- 
terior border of the pubes (which forms the pubic 
portion of the linea ilio-pectinea); im front by the 
anterior border of the pubes, which extends from the 
spine of the pubes to the upper border of the cotyloid 


and by most other modern physiologists, has been 
lately reasserted by Heyligers.) 

d The external curved tendon of the rectus fe- 
moris. 

e That of the obturator externus. 

f Adductor longus above, adductor brevis in the 
middle, adductor magnus below. 
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notch, and forms the anterior lip of the groove of the 
obturator foramen. 

210. Structurs. Of loose reticular tissue, en- 
closed between two compact layers. At the centre 
of the iliac fossa, and at the bottom of the aceta- 
bulum, the bone is thin, semi-transparent, and com- 
posed entirely of compact tissue,- In the neighbour- 
hood of the acetabulum, at the tuberosity of the is- 
chium, and indeed at all the thicker parts, the bone 
is perforated with many large nutrient foramina. 
‘DEVELOPMENT. The ilium, ischium, and pubes, are 
each developed by a separate point. The crest of 
the ilium, the tuberosity of the ischium, the anterior 
inferior spinous process of the ilium, and sometimes 
the angle of the pubes, are developed as epiphyses, 
each by a separate centre of ossification. (The 
epiphysis of the tuberosity of the ischium extends 
also along the inner border of its ascending ramus.) 

Besides these seven ossific points, M. Serres has 
described one for a portion of bone which fills up the 
Y-shaped interval between the ilium, ischium, and 
pubes, at the bottom of the acetabulum. The ilium, 
ischium, and pubes, unite about 14 or 15 years after 
birth. The epiphyses, up to that age cartilaginous, 
then begin to ossify, and successively unite with the 
bone; generally at 22, but sometimes not till 25 
years after birth, the consolidation of the innomina- 
tum is complete. ARTICULATIONS. With the sa- 
crum, the femur, and its fellow of the opposite side. 


OF THE PELVIS IN GENERAL. 
211. The four bones which we haye just described, 
form, by their union, a large, basin-like cavity, open 
above and below, situated in an inclined position 
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between the spine and the lower extremities, and 
divided by the linea innominata into a superior, ex- 
panded portion, called the false pelvis, and an infe- 
rior, narrow, deep cavity, called the true pelvis.g 


OF THE FALSE PELVIS. 


212. The false pelvis has no anterior wall, but 
presents in front a wide gap, extending from the an- 
terior superior spinous process of one os innomina- 
tum, to the corresponding point on the opposite side. 
Its posterior wall is also deficient in the middle, op- 
posite the sacro-vertebral angle. Its lateral walls 
are formed by the ale of the ossa innominata. It 
presents for examination an interior and an exterior 
surface, an upper and a lower circumference, and a 
cavity. 

213. SurFacEs. Inferior. Presents, on each side, 
the internal iliac fossa, and posteriorly, in continuity 
with that fossa, the smooth, upper aspect of the lateral 
mass of the sacrum. These two parts together form 
a wide concave surface, traversed by the sacro-iliac 
symphysis, and directed inward, upward, and for- 
ward; by which obliquity it is adapted, partly to 
support the intestines, partly to throw their weight 
forward against the anterior wall of the abdomen. 


g In examining the pelvis detached from the ske-« 
leton, one is apt to place it in a horizontal position, 
resting on the coccyx and the tuberosities of the 
ischia. It is better to retain it as nearly as possible 
in its natural oblique position, so that the true incli- 
nation and aspect of its surfaces, &c., may be con- 
_ stantly present to the eye. 
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This surface gives origin to a pair of large muscles.h ~ 
Exterior. Presents on each side the dorsum of the 
ilium, alternately convex and concave, marked with 
the three semicircular lines, and affording attachment 
to several muscles.z 

214. CIRCUMFERENCES. Superior. Formed chiefly 
by the crest of the ilium, which terminates in front 
at the anterior superior spinous process. Below this 
appears the anterior inferior spinous process, sepa- 
rated by a notch from the superior, and by a wide 
shallow groove from the <tleo-pectineal eminence. 
This circumference attaches numerous muscles.j 
Inferior. Identical with the brim of the true pelvis, 
under which designation it will be described. (218) 

215. Caviry. When the false pelvis is completed. 


h \liaci interni; which arise from the internal iliac 
fosse. 

~ Gluteus maximus, medius, and minimus, and 
curved tendon of rectus femoris. (For a particular 
account of the attachment of these muscles, see note 
a, page 235.) 

j The crest gives attachment to the latissimus dorsi, 
the obliquus externus and internus, the transversalis, 
the quadratus lumborum, and the common commence- 
ment of sacro-lumbalis, longissimus dorsi, and spinalis 
dorsi; the anterior superior spinous process to the tensor 
vagine femoris, Poupart’s ligament, and a few fibres 
of the sartorius ; the notch beneath if to the sartorius ; 
the anterior inferior spinous process to the straight 
tendon of the rectus ; the ileo-pectineal eminence to 
the psoas parvus. The groove between the two last- 
mentioned eminences transmits the united tendon of 
the iliacus internus and psoas magnus. 
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in front by the abdominal muscles and fascie, it pre- 
sents a wide shallow cavity, with its longest diameter 
transverse, andits axis directed obliquely from above 
downward and backward. In the skeleton this cavity 
is very imperfect; indeed it may be doubted whether 
a space lying between two lateral plates of bone, but 
having no definite boundaries before and behind, 
deserves the name of a cavity—still more, whether 
it has any ascertainable azis. Each iliac fossa sup- 
ports a part of the alimentary tube,& and the inter- 
yening space is filled with the convolutions of another 
portion of the same canal./ 


OF THE TRUE PELVIS. 


216. The true pelvis isa smaller cavity than the 
false, but its osseous boundaries are more perfect. Its 
posterior wall is formed by the sacrum and coccyx, 
and is about five inches in depth. Its anterior wall 
in the median line corresponds to the symphysis 
pubis, and is not more than an inch and a half deep ; 
it widens, however, on each side, where it is formed 
hy the ischium and pubes, and presents the obturator 
foramen. Each lateral wall is formed by that por- 
tion of the ilium which lies below the linea ilio-pec- 
tinea, and has its extent diminished by a large and 
deep notch, called the sacro-sciatic notch. This 
notch belongs, in the skeleton, to the inferior outlet 
of the pelvis; but in the recent Subject, it is sepa- 
rated from that aperture by a strong ligament, which 
stretches across from the sacrum to the tuberosity of 
sae a Ee aa ie eee i eriy 9 3 

k The right iliac fossa supports the cecum, the 
left the sigmoid flexure of the colon. 

l The ileum. 

R 
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the ischium, converting the notch into a hole, and 
considerably diminishing the extent of the outlet. 
The true pelvis presents for consideration two sur- 
faces, two circumferences, and a cavity. 

217. SurFacEs. Interior. Presents posteriorly the 
concave anterior surface of the sacrum and coccyx 3 
on which are observed, in the median line, the bodies 
of the sacral and coccygeal vertebrae; external to 
these on each side the anterior sacral foramina, for 
the transmission of nerves ;7 and beyond these the 
auterior surface of the lateral mass of the sacrum, 
marked with shallow horizontal grooves for the re- 
ception of nerves, m and with slight eminences which 
separate the grooves, and give origin to the digita- 
tions of a muscle.2 Immediately external to the 
sacrum is the sacro-iliac symphysis. Proceeding 
forward, we come to the lateral wall, scarcely an inch 
deep above the sacro-sciatic notch, where it. belongs 
to the ilium, gradually widening in front of that notch, 
where it presents the roughened line of junction be- 
tween the ilium and ischium. Passing to the ante- 
rior wall, we observe, in the median line, the sym- 
physis pubis ; external to this, the posterior surface 
of the united rami of the ischium and pubes, marked 
in the middle with the transverse ridge that indicates 
their union ; and beyond these the obturator foramen, 
with its thin uneven circumference, interrupted above 
by a groove for the transmission of vessels and a 
nerve.o Above the obturator foramen is the poste- 
rior surface of the body of the pubes, wide at its inner 
extremity, gradually narrowing as it passes outward. 


m Anterior sacral. n Pyriformis. 
o Obturator. 
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External to the obturator foramen is a wide smooth 
surface, belonging chiefly to the ischium, but com- 
pleted above by the body of the pubes, and of the 
ilium. This surface corresponds to the back of the 
acetabulum, and often presents three roughened 
lines which indicate the union of the three portions 
of the os innominatum. It is covered in the recent 
subject by two muscles.» Beneath the obturator 
foramen is a smooth surface belonging to the body of 
the ischium, and bounded below by the inner lip of 
the tuberosity. This lip, and the margin of the 
ramus with which it is continuous, project a little 
into the cavity of the pelvis, so as to form a slight 
groove, which, when deepened by a ligament q lodges 
important vessels and nerves.r The surface which 
surrounds the obturator foramen, and the membrane 
which closes that hole, give attachment to a muscle. s 
Exterior. Presents, posteriorly, the convex uneven 
surface of the sacrum and coccyx, on which are ob- 
Served, in the median line, the row of sacral spinous 
processes; below these, the terminal groove of the 
sacral canal, and the posterior surface of the coccyx. 
External to the spinous processes on each side is the 
sacral groove, continuous with the vertebral groove 
of the spinal column, and bounded externally by the 
tubercles, which represent the éransverse processes of 
the sacral vertebre. This groove is perforated by 
the posterior sacral foramina, (for the transmission of 
nervesz) and presents the coalesced lamine of the 
ee ee ee ee a 

p Levator ani, and obturator internus. 

q A process of the great sacro-sciatic ligament. 

r Internal pudic. s Obturator internus, . 

t Posterior branches of sacral. 

R 2 
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sacral vertebre, and the row of urficular processés ; 
the two uppermost well developed, and articulated to 
the last lumbar vertebra; the two lowermost (called 
the horns of the sacrum) prolonged downward to meet 
the ascending hurns of the coccyx; the others mere 
rudimentary tubercles, On each side of the sacrum 
appears the posterior extremity of the ala of the 
ilium, projecting backward so as to form, with the 
lateral surface of the sacrum, a deep groove, filled in 
the recent subject with short strong ligaments wz which 
hold the two bones together... Proceeding forward 
we observe, Ist, the dorsum of the ilium, of which 
only a small portion belongs to the true pelvis; 2dly, 
the exterior surface of the body of the ischium ; and 
3dly, the acetabulum, with its prominent circumfe- 
rence, its cotyloid notch, and its central non-articular 
depression. Internal to the acetabulum is the obfu- 
rator foramen, bounded by the bodies, and rami, of the 
tschium and pubes. Below the acetabulum, and lying 
between its border and the tuberosity of the ischium, 
‘is a groove for the tendon of a muscle.v The exte- 
rior surface of the true pelvis, gives attachment to 
several muscles. 

218. CiRCUMFERENCES. Superior. This circum- 
ference is usually called the brim of the true pelvis. 


uw Posterior sacro-iliac. 

» Obturator externus. 

w By the sacrum it gives attachment to the sacro- 
lumbalis, latissimus and longissimus dorsi, and glu- 
tzus maximus ; bythe ilium to the gluteus maximus, 
medius, and minimus; by the anterior surface of — 
pubes and ischium, to the obturator externus, gracilis, 
adductor brevis, longus, and magnus. 
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It is formed by the ileo-pectineal line of the os inno- 
Mminatum, completed posteriorly by the rounded an- 
terior border of the base of the sacrum, and by the 
Sacro-vertebral angle; anteriorly by the spine and 
crest of the pubes. This circumference is traversed 
by the pubic, and sacro-iliac symphyses, and presents 
on each side the posterior extremity of the ilio-pecti- 
neal eminence. It affords attachment to several 
muscles and ligaments ;z and circumscribes a space 
called the abdominal strait, or inlet of the true pelvis. 
This aperture would be oval, but for the sacro-verte- 
bral angle, which projects forward posteriorly, so as 
to render it kidney-shaped. It has four principal 
diameters ; an antero-posterior, measured from the 
sacro-vertebral angle to the symphysis pubis $.g 
transverse, carried across so as to indicate its greatest 
width ; and two oblique, each passing from one ileo- 
pectineal eminence to the sacro-iliac symphysis on 
the opposite side. Of these diameters the transverse 
is the most considerable, the oblique the next in 
length, and the antero-posterior the shortest. Infe- 
rior. This circumference presents three eminences, 
separated by three deep notches. Of the eminences, 
one is posterior, and formed by the sacrum and coc- 
cyx; the other two are lateral, and formed by the 
two ischia. At the summit of the first eminence is 
seen the extremity of the coccyx ; at the summits of 
the two latter are the broad, rough tuberosities of 
a eee 

x By the linea ileo-pectinea to the levator ani, 
psoas parvus, and pectineus muscles, and to Gimber- 
nat’s ligament. By the spine of the pubes to Pou- 
part’s ligament, and by the crest of the pubes to the 
rectus, and pyramidalis, abdominis, 
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the ischia. Of the notches, one is anterior, and 
angular, bounded on each side by the rami of the 
ischium and pubes, and above by the symphysis pu- 
bis. This is called the pubic arch. The other two 
are lateral and curved, formed by the sacrum and 
coccyx behind, by the ischium in front, and by the 
ilium above. They are called the sacro-sciatic 
notches. Each is subdivided by the spine of the 
ischium into two parts; a superior, larger, called the 
greater sacro-sciatic notch ; an inferior, comparatively 
inconsiderable, called the lesser sucro-sciatic notch. 
The margins of these sacro-sciatic notches are thin; 
the margin of the pubic arch is thicker, and deflected 
a little outward. This irregular circumference gives 
attachment to several muscles and ligaments,y and 
encompasses a space called the perineal strait, or 
outlet, of the true pelvis. This space is measured, 
in the skeleton, by only two diameters, an anéero- 
posterior, drawn from the tip of the coccyx to the 


y The sphincter and levatores ani are attached to 
the tip of the coccyx; the -ischio-coecygei to the 
spine of each ischium, and to the lateral borders of 
the coccyx; the gemellus superior and levator ani to 
the spine of the ischium ; the gemellus inferior, semi- 
tendinosus, semi-membranosus, long head of biceps, 
quadratus femoris, and lower fibres of adductor 
magnus, to the tuberosity of the ischium ; the crus 
and erector penis, in the male, cliforidis, in the fe- 
male, to the ramus of the ischium and pubes. The 
sacro-sciatic ligaments are attached, posteriorly, to 
the lateral border of the sacrum and coccyx; the 
greater taking hold, in front, of the tuberesi/y, the 
lesser of the spine, of the ischium. : 


“ 
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Symphysis pubis; a transverse, carried from one 
ischiatic tuberosity to the other. In the recent sub- 
ject, the perinzeal strait is considerably altered in 
shape and dimensions, by the presence of the sacro- 
sciatic ligaments, which, extending from the sacrum 
and coccyx to the tuberosity of each ischium, furnish 
two straight margins for its posterior boundaries, in- 
stead of the deep sacro-sciatic notches. The lozenge- 
shaped aperture thus formed, is measured by four 
diameters ; an antero-posterior, and a transverse, the 
same as those described above; and two oblique, each 
carried from the tuberosity of the ischium on one 
side, to the centre of the great sacro-sciatic ligament 
on the other. Of these diameters, the oblique and 
the transverse are about equal. The antero-poste- 
rior varies with the length and direction of the coc- 
cyx, which differ considerably in different individuals ; 
it is also susceptible of increase and diminution, on 
account of the mobility of the coccyx. In the recent 
subject, the perineal is smaller than the abdominal 
strait. 

219. Cavity. The cavity of the true pelvis, or the 
pelvic excavation, is deep posteriorly, where it is 
bounded by the sacro-coccygeal column, but very 
shallow in front, where it corresponds to the sym- 
physis pubis. The sacro-coccygeal column, bending 
forward at its extremities, contracts the apertures of 
the true pelvis, and renders its cavity less capacious 
above and below, than in the middle. The lower 
part of the excavation is still further diminished by 
the inclination of the walls of the pelvis, which slope 
towards each other from above downward. The 
two apertures, or straits, of the true pelvis are in- 
clined iu different directions. The axis of the upper, 
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or abdominal strait, (i. e. a line passing at right 
angles through the centre of its plane,) if continued 
downward, would fall upon the lower third of the 
Sacrum ; the axis of the lower, or perinzal Strait, if 
prolonged upward, would fall on the sacro-vertebral 
angle, intersecting the former in the middle of the 
cavity. To convey the same fact otherwise,—if the 
planes of the two straits were continued forward till 
they met, they would form an acute angle, with the 
apex directed forward. A brief description of this 
cavity might run thus ;—the pelvic excavation is a 
short canal, more capacious above than below, and 
in the middle than at its extremities, curved, so as to 
present a convexity backward, and cut off very ob- 
liquely above and below, so that its posterior boun- 
dary is many times longer than the wall by which it 
is limited in front. 

The true pelvis is occupied, in the recent subject, 
by the urinary bladder, by the rectum, and by a 
portion of the organs of generation. The rectum 
corresponds to the anterior surface of the sacro- 
coccygeal column, the curvature of which it follows. 
The bladder lies in the anterior part of the eavity, 
close behind the symphysis pubis. In the female the 
womb intervenes, being suspended in the midst of 
the pelvis, in contact with the bladder anteriorly, and 
with the rectum behind. The passage which leads 
to the womb, and through which alone its contents 
can be discharged, passes through the lower strait of 
the pelvis ; through which strait, therefore, the foetus 
must necessarily descend, in parturition. The female 
pelvis is adapted to the performance of this important 
function, by certain peculiarities of form and size, an 
account of which will be found in the following 
section. 


* 


DIFFERENTIAL CHARACTERS OF THE PELVIS. 249 


DIFFERENTIAL CHARACTERS OF THE MALE AND 
FEMALE PELVIS. 


220. The male pelvis presents a narrow, deep 
excavation, with small apertures. Its bones are thick, 
its muscular impressions are well marked, its angles 
are abrupt and prominent, and its general appearance 
is that of a strong framework, adapted to afford 
leverage to powerful muscles. 

The female pelvis is not so deep as that of the 
male, but exceeds it considerably in the transverse, 
and antero-posterior dimensions. Its cavity is more 
capacious, its apertures are larger, its walls are less 
massive and rough, its general contour is less angular 
andabrupt. The ale of the ossa innominata spread 
further outward ; the anterior superior spinous pro- 
cesses are removed to a greater distance from the 
median line, as also are the tuberosities of the ischium, 
and the acetabula; (whence the prominence of the 
hip in the female). The sacrum is wider and less 
curved, and, consequently, the sacro-vertebral angle 
less prominent, than in the male. The obturator 
foramen is somewhat triangular in form, and of a 
smaller size than in the male; the ischiatic spines 
project less into the pelvic excavation; the coccyx is 
more moveable ;z the symphysis pubis not so deep. 


z The joints of the female pelvis acquire an in- 
creased mobility during the last months of gestation ; 
the symphysis pubis, and the articulations of the 
coccyx, are especially relaxed. This change is at 
first temporary, but after frequent childbearing it 
becomes permanent. The same cause is said to 
- induce occasionally an actual alteration of structure. 
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The upper aperture is more nearly circular, and its 
margin smoother, and more rounded. ‘The pubic 
arch is wider and more curved; and its rami are 
everted, so as to present shelving surfaces, rather. 
than angular edges, to any object descending through 
the perineal strait. By these several -peculiarities 
of form and structure, the female pelvis is adapted 
to permit the expansion of the uterus during preg- 
nancy, and the passage of the child in parturition. 
The following table of the average comparative di- 
mensions of the male and female pelvis, according to 
the various estimates of Meckel, Cloquet, and. Burns, 
is taken from Quain’s anatomy. 


Of this a very remarkable example has been noticed 
by Cruveilhier, in the pelvis of an aged female, who 
had borne nineteen children. In this instance the 
articular surfaces of the symphysis pubis had come 
into contact, and the inferior ligament had disap- 
peared; while a fibrous capsule of great strength 
surrounded the joint on all sides, except behind, and 
permitted a very considerable motion. 
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221. DevELopMENT. The fetal pelvis is smaller 
in proportion than that of the adult. Itslesser basin is 
especially diminutive, in accordance with the rudi- 
mentary condition of the organs of generation which 
it contains. The ale of the ossa innominata are 
quite flat. The sacrum, and the pubic region, are 
very narrow; so that the transverse diameters are 
shorter, in proportion, than the antero-posterior. 

Lastly, the feetal pelvis is inclined more obliquely 
on the vertebral column, than that of: the adult. 
During the interval between birth and puberty, these 
peculiarities gradually disappear, and the pelvis 
acquires the shape, size, and position, proper to adult 
age. The following table exhibits the inclination of 
the pelvis, in the opposite sexes, and at different 
periods of life. The second column, (gathered from 
Naegele’s work, Ueber das Weibliche Becken, Carls- 
ruhe, 1825,)is the average of numerous and accurate 
measurements. The first and Jast columns are taken 
from a treatise entitled Mechanik der Menschlichen 
Gehwerkzeuge, recently published by the brothers 
Weber. 

Oue of the methods employed by these anatoinists 
(described at page 128 of their work) appears to me 
objectionable ; and their recorded observations are 
too few to furnish correct averages. Nevertheless, 
from their experiments, and from those of Naegele, 
we may safely draw this general conclusion; that the 
deviation of 35° from the horizontal plane, assigned 
by Cloquet, and others, to the pelvis, is too little, by 
at least 30°. , 
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INCLINATION OF THE PELVIS. 


RIAA Tah SA, ARES a Naa ek NY SESS 
In the 


‘notfull 
Inthe |Inthe | grown” 
adult jadult _| wnaus- 
male. /female. | gewach- 
sen (sex 
With the antero-| | | andpre- 
posterior diameter cise age 
of the upper strait not spe- 
(measured from cified). 
the promontory to 
the upper border 
of the symphysis 
pubis) an angle of |1550 1500 154° 66 
With the antero- 
posterior diameter 
of the lower strait 
(measuredfromthe 
tip of the coccyx 
tothe lower border 
of the symphysis 
pubis) an angle of | 106° 51\ 101° 


A vertical line passing through both ends 
of the column of true vertebrz forms, 


‘N.B. The inclined line of each strait, falling upon 
the vertical line of the spine, of course forms with it 
two angles,—an upper, and alower. Itisthe former 
which Naegele and Weber always mean when they 
speak of the ‘‘ neigungswinkel” (angle of inclination) 
of the strait, and to which the measurements in the 
above table apply. 
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222. MecnanismM AND Uszs. The uses of the 
pelvis, as acavity for the reception of certain vis- 
cera, a fulcrum for the spine and lower extremities, 
and a centre of action to many powerful muscles, 
have been noticed incidentally in the course of the 
foregoing description. It may be further observed 
that the inclined position of this bony girdle adapts 
it to reduce the force of concussions transmitted 
upward from the feet, and that the oblique direction 
of the sacrum, which runs downward and backward 
from the base of the vertebral column, causes the 
inertia of the trunk, when the body is earried forward 
by a sudden spring, to tell upon the surfaces of the 
sacro-lumbar articulation, instead of straining its 
ligaments, as would certainly happen if the joint 
were horizontal.a: 


a A further distribution of the resistance of inertia 
in the action of springing forward, results from the 
curvature of the lower part of the vertebral column, 
which, instead of rising vertically from the sacrum, 
inclines obliquely forward and upward; so that the 
strain of the leap, which would otherwise. fall almost 
exclusively on the last joint of the column, is divided 
between, at least, four of its lower articulations. 
This point has been well elucidated by Mayo, in the 
llth chapter of his Outlines of Physiology; which 
chapter I take this opportunity of recommending to 
the student, as a most admirably written and instruc- 
tive sketch of the mechanism of the skeleton. It is 
one of that author’s ablest performances, and, in my 
opinion, a model of philosophical composition; in 
which character alone it would well repay a frequent 
perusal, 
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The student should also particularly notice the 
strong, prismatic thickening in the substance of the 
os innominatum, which extends, on each side, from 
the sacro-iliac symphysis to the top of the aceta- 
bulum. These two bony columns are the immediate 
supporters of the sacrum, which divides equally be- 
tween them the weight of the superincumbent trunk. 
This pressure they transmit to the vaulted roof of 
either acetabulum, from which again it is transferred 
to the heads of the thigh-bones. The purpose of 
these two ribs, which are the thickest and strongest 
parts of the ossa innominata, is rendered the more 
obvious by the striking contrast which exists between 
their thickness and that of the bone in their imme- 
diate neighbourhood. While they are prisms of 
nearly an inch in diameter, the ilium, within half 
an inch above them; becomes as thin as paper, and 
semitransparent. 

These groinings, and inclined articulations, which 
occur in the pelvis, along the line of transmission of 
force, furnish a good illustration of the two principal 
laws which prevail throughout the structure of the 
skeleton,—viz., first, That accumulation of osseous 
matter indicates, and is proportionate to, pressure te 
be sustained. Secondly, That frequency, and obli- 
quity, of joints, indicate, and are proportionate to, 
concussion to be distributed. 

The double wedge-like shape of the sacrum is a 
feature in the mechanism of the pelvis which has 
been noticed by several anatomists. Cruveilhier has 
pointed out, with his usual accuracy and clearness, 
the effect of that form in preventing the displacement 
of the bone by any force acting, either from above 
downward, or from before backward. For the bone 
is larger above than below, and is also (with 
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certain exceptions, which will presently be stated) 
wider before than behind. But Cruveilhier appears 
to me to have fallen into error, when he goes on to 
state, that the provisions for preventing this bone 
from being driven forward, are but slight; that the 
powerful apparatus of posteriorsacro-iliac ligamentous 
fibres can only tend to resist the backward dislocation, 
and that the space between the ilia is, in its whole 
length, larger before than behind ; ‘‘double disposition” 
(as he states, in conclusion) ‘ évidemment propre a fa- 
voriserle déplacement du sacrum ala partie anterieure.” 
(Anatomie Descriptive, vol. i, p. 454.) The facts, 
and the conclusion, here advanced, are not in accord- 
ance with my own observations ; which have satisfied 
me, on the contrary, that both the form of the sacrum, 
and the disposition of its posterior ligaments, are 
calenlated very strongly to resist the anterior dislo- 
catiou,—against which the bone is further defended 
by the shape and position of the ale of the ilia. I 
shall offer a few remarks on each of these points in 
succession. 

And first, with regard to the form of the sacrum. 
Although it is true that, at the upper extremity of 
the bone, the anterior surface is usually two or three- 
eighths of an inch wider than the posterior, yet, 
upon dividing the bone by a section, parallel with the 
plane of the upper strait of the pelvis, and at about an 
inch and a half belowits superior extremity (in other 
words, opposite to about the middle of the auricular 
surface) I have generally found these proportions 
reversed, the posterior surface being here wider than 
the anterior, sometimes as much as half an inch, 
or even five-eighths, b seldom less than one-eighth. 


b I have seen but one specimen (in the collection 
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N.B. The extent of the auricular surface is indicated in each figure by the lateral thickened lines. 
( To face page 257, 
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Half an inch lower down, the anterior surface resumes 
the superiority in width. These changes of propor- 
tion are illustrated in the annexed diagram, which 
represents three sections of the same sacrum: the 
first taken just below its upper extremity, the second 
three-fourths ofan inch lower down, and the third half- 
an-inch below the second. Inthe first and third, the 
base of the wedge is turned forward; in the second, it 
is obviously directed backward. The figures are of the 
natural size; and the exact points from which the mea- 
surements have been taken, are indicated by trans- 
verse lines, against each of whichits length, in inches 
and sixteenths of an inch, has been set. The letters, 
which are the same in all the figures, refer to the 
explanation appended to the diagram. In examining 
a large number of sacra, with a view to this particular 
point, I have found the form above described te be a 
general rule, liable to many individual exceptions. 
Thus, in some instances, the back and front of the 
sacrum have been nearly equal in width, in the whole 
length of the auricular surface. In other specimens 
the anterior surface has been wider, for the same 
distance, than the posterier ; or, vice versa, the pos- 
terior has, more or less, exceeded the anterior in 
width. But these exceptions, so far from throwing 
doubt on therule here laid down, have rather afforded 
it an indirect corroboration. For those sacra which 
haye not presented the ordinary changes of proportion, 
have invariably possessed some compensating pecu- 
liarity of form, calculated to produce a similar result. 


of Prof. Partridge) in which the difference amounted 
to five-eighths. The average difference is between 
an eighth and a quarter of an inch. 

s 
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Some, for instance, have presented a strong ausgle, 
projecting from each auricular surface, and fitting 
into a corresponding depression on the articular sur- 
face of the ilium ; or, on the contrary, a depression 
in the auricular surface, adapted to an eminence of 
the os innominatum. Not unfrequently the sacrum 
has presented, opposite the middle of its auricular 
surface, a general contraction in the transverse di- 
mension, obviously tending to resist dislocation in 
every sense—whether upward, downward, forward, 
backward, orin any intermediate direction. In other 
specimens, the auricular surface has exhibited, on a 
transverse section, a series of undulations, all at the 
same horizontal] level, and disposed in such a manner 
as to resist, alternately, the anterior and posterior 
dislocation. I have not space for sketches of all 
these varieties ; but I will take the last mentioned, 
as one of the most remarkable, for illustration. 

The annexed diagram (to which the explanation 
of the former is applicable) represents, ona reduced 
scale, three horizontal sections of .a sacrum, wider 
behind than before in the whole length of the auri- 
cular surface (as may be deduced from a comparison 
of the measurements annexed to each figure). The 
form of this specimen, taken as a whole, is only cal- 
culated to oppose the advance of the bone, and has 
no tendency to resist the posterior dislocation. But 
on comparing the four measurements of the first 
section, the bone will be found to consist, in this 
part, of three wedges, of which. the anterior and pos- 
terior have their bases behind. And their narrow ends 
directed forward, while the intervening one presents 
a contrary disposition. The two former tend to 
resist the anterior, and the latter, the posterior dislo- 
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The numbered brackets indicate portions of the sacrum lying between the lines 
' measurement; and the annexed table exhibits the respective tendencies of the 
tions so comprised. By adding the two last columns, we find that the total 
nount of resistance presented by these three sections is, to the anterior dislocation 
18, to the posterior dislocation =8.—N.B. The portions marked with an asterisk 
msist of two or more smaller portions; and their effect is, of course, only the sum, 
the difference, of the effect of those smaller portions; for which reason it is not 
ken separately into the account. 


No. 1 resists anterior dislocation by 3 
2 — posterior _ a 3 
3  — anterior — = 4 
#4 — isneutral — — 
#5 — anterior — a= 
#6 — anterior ~ — 
7  — anterior — — 6 
8 — _ posterior _ — 1 
*9 — anterior _ = 
10 — anterior _ — 5 mS 
11 — _ posterior — —_ 4 
“12 — anterior — — i 
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cation. This arrangement sufficiently exemplifies 
the nature of the compensation alluded to above. 

These facts compel me to dissent from Cruveil- 
hier’s opinion, so far as it relates to the form of the 
bone. 

With regard to the posterior sacro-iliac ligaments, 
it is to be observed, that many of their fibres run 
obliquely forward and inward, from the ilium to the 
sacrum. These fibres must necessarily be stretched 
by the advance of the bone towards the cavity of the 
pelvis, and therefore cannot fail ta oppose its dislo- 
cation in that direction. In order to satisfy myself 
on this point, I tried the following experiment. I 
divided, in a recent pelvis, all the connexions between 
the sacrum and ossa innominata, except the posterior 
sacro-iliac ligaments; and then, having fixed the 
ossa innominata, endeavoured to draw the sacrum 
forward; but it resisted my strongest efforts. I 
then cut away part of the bone opposite the lower 
half of the sacro-iliac joint, in order that the wedge- 
like form of the sacrum might have no influence, 
either in promoting or preventing its advance ; but 
it still resisted my entire force applied from behind, 
though now retained in its position solely by the pos- 
terior sacro-iliac ligaments. This experiment may 
be easily repeated, and it appears to me to afford 
conclusive evidence that these ligaments are not fa- 
vourable to the anterior dislocation. 

Looking, in the last place, to the form and position 
of these alex of the ilia, we shall find them calculated 
to furnish the upper half of the sacrum with an 
additional protection against the anterior dislocation. 
Their posterior extremities, which are very strong 
and massive, extend backward nearly two inches 
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_ from the sacro-iliac articulation, and project on each 
side, so as sustain the force of many shocks, which would 
otherwise tell upon the posterior surface of the sacrum. 
These several considerations lead me to think, 
that the anterior dislocation of the sacrum, so far 
from having been favoured by nature, is quite as 
effectually guarded against as any other displacement 
to which the bone is liable. It is true, indeed, as 
Cruveilhier observes, in explanation of his opinion 
on this point, that the force which the sacrum habi- 
tually sustains (namely, the constant pressure of the 
trunk) tends always to thrust it downward and 
backward, and never, in any degree, towards the 
cavity of the pelvis. But on the other hand, the 
external violence to which the sacrum is occasionally 
exposed, can operate only from behind, or from 
below, in no case from above or from before. And 
if this bone, so well fortified against the constant 
strain to which it is exposed, had been left unpro- 
tected against dislocation by sudden shocks from 
without, it would present a strange exception to the 
watchful providence of nature against accidental 
violence, which is exemplified in the structure of 
every part of the skeleton. It is indeed a remark- 
able refiection,—and one with which these observa- 
tions may be not inappropriately concluded,—that 
contingencies which may occur but once in fifty 
years, which may never happen to some indivi- 
duals,—are yet as elaborately provided against by 
nature, as those internal strains, and tendencies to 
displacement or rupture, which are in incessant 
operation throughout the whole period of life. 
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CHAPTER V. 


OF THE EXTREMITIES. 


993. Tue extremities are long, jointed appendages 
of the body, attached by one end to the trunk, and 
free inthe rest of their extent. They are four in 
number ; an upper pair, depending from the thorax, 
chiefly subservient to tact and prehension ; a lower 
pair, connected with the pelvis, the principal agents 
in support and locomotion. To these the transcen- 
dental anatomists add the lower jaw, which they re- 
gard as a pair of limbs, joined together at their distal 
ends, and otherwise considerably modified for the 
function of mastication; but, nevertheless, bearing 
precisely the same relation to the cranial division of 
the vertebral column, that the arms do to its thoracic, 
and the legs to its pelvic region. These analogies 
will be considered more in detail in our general re- 
view of the skeleton. In the present chapter we have 
only to describe the bones of each limb in succession ; 
subjoining some brief observations on their mechanism 
and uses. 


OF THE UPPER EXTREMITY. 


224. The upper extremity is divided, by descrip- 
tive anatomists, into four parts; the shoulder, the 
upper arm, the fore-arm, and thekand. Of these 
parts only the three last are recognised, by the tran- 
scendental anatomists, as constituents of the upper 
extremity; the bones of the shoulder being referred 
by them to the costal series. (See note a, page 215.) 
This latter appears to me to be the legitimate ar- 
rangement, the former being at variance with the 
obvious analogies of the bones. But I shall here, as 
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elsewhere in this work, follow the ordinary system, 
for the sake of its practical convenience, having pre- 
viously set the student on his guard against its theo- 
retical errors. 

OF THE SHOULDER. 


225. .The shoulder consists of two bones, the sca- 
pula, and the clavicle. The scapula is a flat bone, 
resting on the exterior surface of the thorax. The 
clavicle is a long bone, situated horizontally at the 
anterior part of the thorax, just above the first rib. 


OF THE SCAPULA. 


226. The scapula is a large, flat, thin bone, of tri- 
angular form, lying on the posterior and lateral wall 
of the thorax, between the first and seventh ribs. 
Taking a general survey of the scapula, the student 
will observe that it presentstwo surfaces, three bor- 
ders, and three angles. Of the angles one is trun- 
cated, thickened, and hollowed by a concave, arti- 
cular surface, designed to receive the rounded head 
of thearm-bone. This surface is named the glenoid 
cavity, and the thickened angle on which it occurs, 
may be called the head of the scapula. This head 
is supported by a slightly contracted portion called 
the neck ; and, from the neck, the thin, wide ala of 
the scapula expands. The ala is strengthened by 
its three thickened borders, which present the ap- 
pearance of stout bony ribs, and are hence called the 
coste of the scapula. The anterior surface is con- 
eave, lies upon the surface of the thorax, and is 
called the venter of the scapula. The posterior sur- 
face is convex, and derives from its backward aspect 
the name of dorsum. The dorsum is traversed by a 
strong horizontal process of bone, called the spine of 
the scapula. This eminence curves upward exter- 
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nally, and expands into a flattened extremity, named 
the acromion process, which projects forward so as to 
overarch the glenoid cavity. The spine and the 
acromion are the two principal processes of the sca- 
pula ; there is a third, of smaller size, called the cora- 
eoid process, which arises from the upper border of 
the neck, and stretches forward, like the acfomion, 
over the glenoid cavity. 

From this rapid sketch of the principal objects 
presented by the scapula, and of their general rela- 
tions to each other, we may proceed, in the next 
place, to examine more minutely, first, its head and 
neck, with the coracoid process which the neck sup- 
ports; then its borders and angles; and lastly, its 
surfaces, ventral and dorsal, with the spine, and its 
acromion process, arising from the latter. 

997. Heap. The head is an expanded portion of 
bone, which occupies the external angle of the sca- 
pula, and supports the glenoid cavity.a The glenoid 
EAR Daa eg ee i 

a What we have here called the head, is usually 
described among the angles of the scapula, under the 
name of external or articular angle. Such an asso- 
ciation appears to me to be highly objectionable. For 
while the two other angles are entirely insignificant, 
being the mere incidental results of the junction of 
the borders, this articular expansion is, on the con- 
trary, the essential element of the scapula, to which 
every other portion of the bone is obviously subordi- 
nate and accessory. It is to the muscles by which 
the head is moved, or maintained in its position, that 
the coste afford leverage, and the ala an expanded 
insertion. The acromion and coracotd processes 
overarch and protect the head; the spine strengthens 
the scapula precisely opposite to its centre ; and even 
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cavity is a wide, shallow, articular depression: of an 
ovoid shape, with its longest diameter directed from 
above downward and backward. It is wider below 
than above; and its outline presents a close resem- 
_blance to that of the longitudinal section of a pear. 
Its direction, or aspect, is outward, forward, and a 
little downward. Its margin gives attachment toa 
ligament,b and supports, in the recent subject, a fibro- 
cartilaginous brim, by which the cavity is deepened. 
A strong tendone takes origin from its summit. 
The NEcK is that contracted portion of bone which 
immediately supports the head. Jt is not separated 
by any definite boundary from the ala, into which it 
appears, as it were, to expand. Its contraction is 
more distinct behind than before, and below than at 
its upper part, where it supports the CoRACOID PRo- 
cess. This process has somewhat the appearance of 
a finger, half-bent, pointing forward and outward. It 
arises, by a strong wide root, from the upper border 
of the neck; extends, for a little way, upward and 
inward ; and then, suddenly changing its direction, 
runs forward and outward, and passes, as we shall 
hereafter find, beneath the clavicle. The first, or 
ascending portion of the coracoid process, is flattened 
from before backward; it is smooth, and presents 


in the depth and disposition of the fosse, we shall 
presently discover a distinct adaptation to the func- 
tions of this portion of the bone. For these reasons 
we have placed it alone, and made it the starting 
point of our description ; at the same time enumera- 
ting it among the angles, that the student may bear 
in mind the arrangement generally adopted. 

6 Capsular ligament of shoulder-joint. 

ec Long head of biceps. 
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nothing remarkable for examination. The horizontal 
portion is much narrower, and flattened in a different 
direction ;—viz., from above downward. Its upper 
surface is rough, and gives attachment to ligaments ;d 
its inferior surface is smooth, and directed downward 
and backward toward the glenoid cavity, which it 
overhangs. The anterior margin of the process is 
rough, and gives insertion to a muscle.e Its poste- 
rior margin, likewise rough, attaches a ligament.f 
Its summit, rounded and tubercular, affords origin 
to two muscles. The angle which the two portions 
of the coracoid form by their junction, gives attach- 
ment to a ligament,’ to which we shall have occasion 
to revert, in describing the superior border of the 
scapula. 

228. Borpers or Coste. External, or axillary, 
sometimes also called inferior. This is a stout, 
bony rib, extending from the head to the inferior 
angle of the bone. It is by far the thickest of the 
three cost, but it gradually diminishes in thickness 
towards its lower extremity. Its upper third is full - 
half an inch wide, and presents a shallow, oblong de- 
pression, or groove, which attaches a large muscle.z 
Its middle third is also slightly grooved, in the longi- 
tudinal sense, and gives origin to part of a smaller 
muscle.j The lowest third presents an edge which at- 
taches some fibres of another muscle.k Superior. This 
is the shortest, and-thinnest, of the three coste. It 


d The conoid posteriorly, the trapezoid in front. 

e Pectoralis minor. f Coraco-acromion. 

g Coraco-brachialis internally, short head of biceps 
externally. 

h Supra-scapular. « Long head of triceps. 

j Teres minor. k Teres major. 


‘ 
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extends from the coracoid process to the posterior-su- 
perior angle of the bone, attaches a muscle, and — 
presents, externally, a semicircular depression, called 
the supra-scapular notch. This notch is bounded on 
the outer side by the coracoid process ; and the liga- 
ment which we have mentioned as being attached to 
the angle of that process, stretches across the notch, 
and converts it intoa hole. Sometimes a slip of bone 
performs the office of this ligament; in which case 
there is a complete supra-scapular foramen, even in 
the dry bone. This hole gives passage to a nerve,m 
and occasionally also to vessels.n Internal, or ver- 
tebral. This border is often called the base of the 
scapula. It extends from the uppermost to the 
lowest angle of the bone. It is the longest of the 
borders, but, in thickness, intermediate between the 
other two. It is not straight, but presents, at the 
junction of its upper one-fourth with its lower three- 
fourths, an obtuse angle, the position of which should 
be borne in mind, as indicating the commencement 
of the spine of the scapula, and the limits of several 
muscular insertions. The base affords attachment 
to six muscles, of which one is attached to (what 
would be called, if this border were thicker) its an- 
terior lip,o two to its posterior lip,p and three to the 
interval.q 
SS SS = Se 

1 Omo-hyoideus. m and» Supra-scapular. 

o Serratus magnus. 

p Some fibres of supra-spinatus, above the obtuse 
angle ; of infra-spinatus, below that point. 

q Levator anguli scapule, above the angle ; rhom- 
boideus minor, opposite the angle; rhomboideus 
major, below the angle. 
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229. ANGLES. Inferior. Formed by the junction of 
the axillary and vertebral borders. It is thick and 
rough, constitutes the lowest point of the bone, and 
gives origin to a few fibres of two muscles.r ~Supe- 
rior-anterior. This angle is truncated, and occupied 
by that thickened eminence, which bears the glenoid 
cavity, and has already been described as the head of 
the bone. The grounds upon which we have distin- 
guished this angle, by giving it a separate paragraph, 
and selecting it for the opening of our description, 
are stated in notea, page 264. Superivr-posterior. 
Formed by the junction of the upper and vertebral 
borders. It is thin, rounded, and smooth, forms the 
highest point of the bone, and gives insertion to some 
fibres of a muscle.s 

230. SurRFACES. Posterior, or dorsum. Convex 
from above downward, alternately convex and con- 
cave inthe transverse direction. Divided into two 
unequal portions by the spine of the scapula, which 
projects backward and upward from it, at the line of 
junction between its upper fourth and its lower 
three-fourths. The surface above the spine belongs 
to the fossa supra-spinata ; the surface below it, to 
the fossa infra-spinata. The fossa supra-spinata is 
smooth, and concave, wider internally than exter- 
nally, and filled in the recent state by a muscle,¢ the 
fibres of which are attached to its two internal thirds. 
The infra-spinous fossa is more than three times as 
large as the supra-spinous fossa; it presents, exter- 


x Of the teres major, and (occasionally) of the 
latissimus dorsi. 

s Levator anguli scapule. 

¢ Supra-spinatus. 
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nally, a long, wide groove, which runs parallel to the 
axillary border ; internal to that a convexity, run- 
ning parallel to the groove, of which it forms the 
inner boundary ; and again, internal and superior to 
this convexity, another, but less extensive concavity. 
This fossa is perforated by several nutrient foramina ; 
it lodges a large muscle,z which is attached to its 
inner three-fourths, but only covers, without taking 
origin from, its outer fourth. The infra-spinous 
fossa does not extend quite to the axillary border, but 
is bounded externally by a rough line, which com- 
mences, above, at the lower part of the head, and 
passes downward and backward to the vertebral bor- 
der, which it joins about an inch above the inferior 
angle ofthe bone. Thisline attaches an intermuscular 
aponeurosis ;v it cuts off a long surface, of which the 
upper two-thirds are narrow, and give attachment to 
asmall muscle,w while the lower third is much wider, 
and roughened for the insertion of a larger muscle.x 
The wide and the narrow portions of this surface are 
Separated by a line which runs obliquely downward 
and backward from the axillary border, and attaches 
an intermuscular aponeurosis.y This is sometimes 
called the oblique line of the scapula. 

From the description of these fossee we pass natu- 
rally to that of the spine, which serves as a sort of 
party-wall to separate them from each other. 


uw Infra-spinatus. 

v Which separates the infra-spinatus muscle from 
the teres major and minor. 

w Teres minor. az Teres major. 

y Which separates the teres major from the teres 
miuor. 
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The sPINE OF THE SCAPULA is a strong, triangular 
plate of bone, whose apex is situated at the vertebral 
border of the scapula, just opposite its obtuse angle 
(228) ; whose base is placed externally, near the head 
of the bone; while of its sides, one is joined to the 
ala, the other, thick and free, gives attachment to 
muscies, and is called the crest. The spine does not 
extend quite across the dorsum, but stops short about 
half an inch from the head, leaving an interval through 
which the supra and infra-spinata fossee communicate 
with each other. Its surfaces are not horizontal ; the 
superior looks forward and inward, as well as up- 
ward, and the inferior has the contrary direction. 
Both surfaces are slightly concave, perforated by one 
or two large nutrient foramina, wide near the head 
of the scapula, gradually narrowing as they approach 
the vertebral border. The superior surface contri- 
butes to the fossa supra-spinata, and attaches part of 
the muscle which that fossa receives.z The inferior 
surface contributes in like manner to the fossa infra- 
spinata, and gives origin to the upper fibres of the 
muscle therein contained.a The spine, being of a 
triangular shape, has necessarily three borders. Of 
these, one is anterior, one external, and the third 
posterior. We hare already noticed them slightly, 
and with regard to the two former, have little to 
add. The anterior border is attached to the dor- 
sum, and forms the root of the process. The ewter- 
nal border, short, thick, and rounded, is continuous, _ 
below with the neck, and above with the under-sur- 
face of the acromion process ; intermediately it is 
smooth and free. The posterior border, or crest, is 


« Supra-spinatus. a Infra-spinatus. 
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wide, and presents two Jips, separated by a rough 
interval. Tach lip of the crest gives attachment to 
a muscle,d but the zntferval is subcutaneous. The 
lips approach each other, and the interval is narrow, 
in the middle of the crest, but they diverge from each 
other at its extremity, externally, to become conti- 
nuous with the borders of the acromion ; internally, 
to join the base of the scapula, with which they 
enclose a small, triangular, smooth surface, on which 
atendone glides. It is from the angle furmed by 
the junction of the crest, with the external border, 
of the spine, that the acromion process springs. 
The ACROMION PROCESs is large and strong; it runs 
outward a little way, and then, forming an angle, 
directs itself forward and upward. It is flattened, 
like the spine, but in the opposite direction. If a 
plane were drawn parallel to the two surfaces of the 
acromion, and another parallel to the two surfaces of 
the spine, the two planes would cut each other nearly 
at right angles. Hence the upper surface of the acro- 
mion is continuous, not with the upper surface of the 
spine, but with the interval between the lips of the 
crest. The acromion is slightly curved, and over- 
arches the glenoid cavity. Its upper surface is con- 
vex and uneven; it is directed upward, outward, and 
backward, and lies immediately beneath the skin of 
the shoulder, of which it forms the summit. Its 
lower surface, which is smooth and concave, has an 
opposite direction. The external margin of the 
acromion is thick and tubercular, and attaches some 


6 The upper lip to the trapezius, the lower lip to 
the deltoid. 
ec Of the trapezius. 
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fibres of a large muscle.d Its internal (or anterior) 
margin is concave, attaches part of a muscle,e and 
presents, near the summit of the process, an oval, 
concave, articular surface, directed inward, forward, 
and a little upward, for articulation with the extre- 
mity of the clavicle (236). The tip of the acromion 
process is thin, and attaches a ligament.f 

Anterior surface, or venter of the scapula. This 
surface is chiefly occupied by a wide concavity, called 
the fossa subscapularis. This fossa, however, is se- 
parated from the posterior border by a long, plane 
surface, from a quarter to half an inch wide above, 
narrower below, still narrower, often altogether defi- 
cient, in the middle, and serving for the attachment 
of a large muscle.g The subscapular fossa is tra- 
versed, in its two posterior thirds, by several rough 
lines, which pass from behind obliquely forward and 
upward. Its anterior third is quite smooth. The 
rough lines give origin to the tendinous intersections, 
and the intervening surfaces to the ffeshy fibres of a 
large muscle, which is lodged in this fossa.2 The 
smooth anterior third of the fossa is covered by the 
muscle, but does not give origin to any of its fibres. 
(The extremity of the muscle passes beneath the cora- 
coid process, which presents a smooth, concave sure 
face, to permit its passage.) 

The subscapular fossa presents, just at the level 
of the spine, a retiring angle, which may be called, 
from its position, the subscapular angle. As this 
angle has been hitherto overlooked by anatomists, 

d Deltoid. -e Trapezius. 

Jf Coraco-acromion. g Serratus magnus. 

A Subscapularis. 
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‘or only noticed as a slight depression in the sub- 
scapular fossa,z I shall, in this place, endeavour to 
show that its depth is by no means inconsiderable, 
and that it serves an important purpose in the eco- 
nomy of the shoulder. 

Fig. J, in the annexed diagram, represents a sec- 
tinal view of a human scapula, divided longitudinally, 
about midway between the vertebral and axillary 
borders. ac is the spine, 6 ec the supra-spinous 
portion of the ala, cd the infraspinous portion of 
the ala. The spine, projecting backwards from the 
ala, forms with it two angles; one above, ac 6b, 
which may be called the supraspinous angle; and 
one below, ac d, which may be denominated the 
infraspinous angle. The remaining angle bc d 
is the subscapular angle. The straight line c e d 
passing through both ends of the infraspinous portion 
of the ala, may be taken to represent its general 
direction; and the straight lines c b g andca/f 
indicate, in like manner, the respective directions of 
the supraspinous portion of the ala, and of the spine, 
_As these three lines meet in the point c, around 
which, as a centre, is described the circle e fg, 
the three angles under consideration may be readily 
compared, by ascertaining how many degrees of the 
circle they respectively subtend. This has been 
carefully measured, and the numbers obtained are 
seen in the diagram, each opposite to the angle which 
it numerically represents. 

In Fig. 2, which is a similar section of another 
i See, for instance, Meckel’s Manuel d’Anatomie, 
tom. i. p. 704. ‘‘Elle offre seulement une légére 
dépression qui correspond a l'épine,” &c. 
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scapula, the same letters are employed to indicate 
corresponding parts; and the circle, with the num- 
bers attached to it, has the same meaning and pur- 
pose as in fig. 1. 

To facilitate the comparison of the angles, the 
results are subjoined in a tabular form. 


Subscapular angle in fig. 1=1299 .. in fig. 2=1293°. 
Infraspinous angle in fig. ]=13649..in fig, 2=-1289. 
Supraspinous angle in fig, l= 943°..in fig. 2=. 10239, 


MEAN OF THE TWO MEASUREMENTS. 


Subscapular angle=1292°. 
Infraspinous angle=13239, 
Supraspinous angle= 9839. 


Hence it appears that, in the first scapula, the 
subscapular angle is more abrupt, or nearer toa right 
angle, by 73° than the infraspinous angle; and that, 
in the second scapula, though it is more obtuse than 
the infraspinous angle, the difference is only 13° in 
favour of the latter. ‘The mean of the two measure- 
ments gives a differevce of only 33° between the 
infraspinous and the subscapular angles, Without 
laying too much stress upon the results obtained from: 
these few observations, I think they will justify us 
in inferring, generally, that the subscapular angle is © 
a very considerable bend in the ala,—much too con- 
siderable to be without a purpose; which it is our 
business, -in the next place, to ascertain.’ 

k The reason why this angle has hitherto escaped 
notice appears to be, that it is filled up, and in a 
great measure obliterated, as it approaches the 
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Now, I think that the use of this angle becomes 
obvious, when we consider, first, the position of the 
point ¢ (figs. 1, 2, & 3) with respect to the glenoid 
cavity ; secondly, the function of the muscles contained 
inthe three fossz of the scapula, and the position of 
their most effective fibres ; and, lastly, the manner in 
which the subscapular angle affects the shape of the 
subscapular fossa, and the position of its deepest part. 

The point (c) is precisely opposite to the centre of 
the glenoid cavity. It will be seen, by reference to 
the diagram, to occupy the centre of a triangular 
space, which represents the section of a horizontal, 
prismatic thickening, or rib, in the scapula. This 
rib commences at the base of the bone, and runs 
across the ala, increasing in strength as it proceeds 
to reach the centre of the glenoid cavity. It pre- 
sents a strong analogy in its form and position to the 
prismatic rib which runs, in the os innominatum, from 
the acetabulum to the sacro-iliac joint. Of this we 
shall speak further hereafter. 

The function of the muscles contained in the 
scapular fosse, is to draw the head of the humerus 
towards the scapula, and to maintain it in close con- 
tact with the surface of the glenoid cavity. The 
fibres most efficient to this end are those which lie 
in the immediate vicinity of the prismatic rib c 
(and which are represented in section by the dotted 
circles /, 7, and m, fig. 3); because these fibres, and 
_ Ee ae ee or Oe ee a ek mTOR 
borders of the scapula, by the thickening of the bone 
towards the head, on one hand, and at the vertebral 
costa, on the other. This sort of shelving away on 
each side, deceives the eye as to the real abruptness 
of the bend in the middle of the fossa. 

2g 
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these only, act upon the humerus in a direction pa- 
rallel to the line of motion required. Hence, for 
the most advantageous disposition of the muscles in 
question, it is requisite that each fossa should have 
considerable depth inthis part. The straight lines 
ba, bh, and at, in fig. 3 (which, I should ob- 
serve, represents the same section as fig. 1) enable 
the eye to estimate the general capacity of each fossa, 
and the relative depth of its different parts. ‘The 
straight line c 2 shows the depth which the sub- 
scapular fossa would have if there were no subscapu- 
lar angle. In that case it would be deepest at 2, 
and extremely shallow, if not wholly deficient, op- 
posite the point c, so that the bulk of the subsca- 
pular muscle would be lodged in a disadvantageous 
position. Jn the present form of the scapula, each 
fossa has its greatest depth opposite the point(c), and, 
consequently, the thickest part of each muscle lies in 
that precise position, in which tt cun operate most 
effectively on the head of the humerus. 

The annexed diagram will, perhaps, enable the 
student to form a clear conception of the essential 
elements of the scapula, and of their relative position, 
independently of special form and dimensions. 

e ia The curved line a 6 represents 

A : a section of ‘the glenoid cavity; 
ro oO cd is the prismatic axis already 

" ‘a alluded to, projecting from the 

d numumemsmase} C hack of the glenoid cavity, exactly 
| °b opposite its centre; e, f, and g, 
are three plates, springing from 
the angles of the prismatic axis ; 
one forming the spine, the other 
two constituting the supra and 
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infraspinous portions of the ala. Each plate is 
strengthened by a stout bony rib running round its 
margin. Inthe human scapula the lower plate is four 
times as large as either of the two upper, which are 
about equal in extent, and support each a process. 
231. STRUCTURE. Cellular in the head, processes, 
and other thickened parts, composed of a dense, 
compact tissue in the rest of its extent. The ala is 
attenuated, to semifransparency, opposite the centres 
of the supra and infraspinous ‘fosse; and, in some 
instances, the bone is absolutely deficient at these 
points, presenting natural perforations, through which 
the muscles of the venter and dorsum may come into 
contact with each other. DeEveLorFMENT. Anatomists 
are not agreed as to the number and position of the 
points, by which the ossification of the scapula takes. 
place. Cruveilhier, who has given particular atten- 
tion to this branch of anatomical inquiry, describes 
six ossific points in the scapula, one for the ala ang 
spine, one for the coracoid process, two for the acro- 
mion, one for the vertebral border of the bone, and 
one for its inferior angle. The first enumerated, is. 
the principal ossific centre; it appears asa flat plate 
in the second month of foetal life; and the spine, 
which is a true apophysis (as contradistinguished from. 
an epiphysis), begins, in the third month, to protrude 
from its posterior surface, The other points are 
complementary, and appear successively at various 
ages, from birth up to fifteen years. Each remains. 
a detached epiphysis for several years after its ap- 
pearance; and it is not till the period of growth is 
fully accomplished, that the scapula is consolidated. 
into a single piece. ARTICULATIONS. With the cla- 
vicle, by arthrodia, or gliding-joint, with the humerus, 
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by enarthrosis, or ball-and-socket joint. The scapula 
derives a considerable support from the ribs, though 
eut off from direct contact with them by several in- 
tervening muscles. 


OF THE CLAVICLE. 


232. The clavicle, or collar-bone, is situated hori- 
zontally at the upper and lateral part of the thorax, 
immediately above the first rib; the direction of 
which it crosses obiiquely. The clavicle rests, in- 
ternally, against the upper border of the sternum, 
which serves it as a fulcrum; and it articulates, at 
its outer extremity, with the acromion process of the 
scapula, which bone it follows in all its movements, 
preventing it from falling inward upon the thorax, 
and sustaining it firmly in the various positions which 
it assumes. 

The clavicle is nearly straight, with regard to the 
horizontal plane ; but in the opposite sense it presents 
a double curvature, being convex in front, internally, 
concave in the same direction, at the opposite end. 
The clavicle is, moreover, twisted on its long axis, 
so that a surface, looking directly upward externally, 
is turned forward, as well as upward, towards its 
sternal extremity. Or, to convey the same fact 
otherwise, the lines by which the clavicle is tra- 
versed, pass somewhat spirally along the bone, so 
that the surfaces which lie between them necessa- 
vily vary in direction in different portions of their 
length. 

The clavicle, in the inner three-fourths of its ex- 
tent, has the form of a triangular prism ; but its outer 
fourth is flattened, so as to present a wide superior 
and inferior surface, separated by an anterior and 
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posterior margin. In the natural position of the bone, 
the prismatic portion extends from the sternum to 
the coracoid process of the scapula, and the flat por- 
tion from the coracoid process to theacromion. The 
prismatic portion is subject to considerable variations 
of form. In ill-developed specimens it presents in- 
distinct angles, and a smooth rounded contour, so 
that its surfaces merge into each other, and cannot be 
exactly defined. All its edges, on the contrary, are 
strongly pronounced in individuals of great muscular 
force, or who have exercised a trade requiring hard 
and continuous manual labour. In these instances 
it often resembles a quadrangular, rather than a tri- 
angular prism. Indeed, the bulk, curvature, and an- 
gularity of the clavicle, increase in direct proportion 
with the exercise of the upper extremity. Whence, 
doubtless, it happens, that the clavicle is smoother, 
roore slender, less curved, and (consequently) longer, 
in the female than in the male. 

The lines of the clavicle are rounded and indefi- 
nite towards the middle of the bone; and, near the 
extremities, though sufficiently distinct, are apt to 
be confounded with certain irregular ridges, which 
are there occasioned by muscular and ligamentous 
attachments. These circumstances, together with 
the peculiarities of form frequently presented by in- 
dividual specimens, render the clavicle a very diffi- 
cult bone for the student clearly to apprehend. The 
best practical rule, in this and in similar cases, is to 
procure as many specimens as possible for reference, 
to retain them, during examination, in the natural 
position, and to commence with arapid survey of the 
principal features, leaving such points as cannot 
readily be made out, for subsequent research, when 


%, 
- 


286 CLAVICLE. 


some general notion of the form and relations of the / 
bone shall have been acquired./ 

233. From these introductory observations, we 
proceed to the minute description of the clavicle, in 
which we shall adopt the arrangement suggested by . 
its natural divisions ; considering, in the first place, 
its external flattened portion, secondly, its prismatic 
portion, aud lastly, its extremities. 

234. FLAT PORTION OF THE CLAVICLE. Is curved 
so as to present a concave edge in front, and offers 
for examination an upper and a lower surface, sepa- 
ated by an anterior and a posterior border. SurR- 
FACES. Superior. Convex, rough, perforated with 
nutrient foramina, and covered, in the recent sub- 
ject, by the interlaced aponeurosis of two muscles,m 
whose fteshy fibres encroach a little upon it before 
and behind. Inferior, Uneven, and perforated with 
small vascular apertures. It presents at its posterior 
part a z¢ubercle, which is situated just where the flat- 
tened portion of the bone joins the prismatic portion. 
This rough eminence is called the tuberosity of the 


t The plan of occasionally deferring for a while the 
consideration of difficult points, is one of great prac- 
tical utility in the study of all branches of science, 
and especially, perhaps, ofanatomy. For, the sequel 
of a description often throws light upon its commence- 
ment; and the more striking objects, noticed in a 
preliminary survey, serve afterwards as landmarks 
and guides, to indicate the position of minute parti- 
culars, which might otherwise have cost the student 
much uncertain and tedious investigation, or even 
have entirely eluded his research. 

m Deltoid and trapezius. 
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clavicle ; it surmounts, in the skeleton, the coracoid 
process of the scapula, and gives attachment to a 
-strong ligament.z From the tuberosity a rough ridge 
runs outward and forward, to the extremity of the 
bone, crossing obliquely the inferior surface of the 
fiattened portion. This is called the oblique line of 
the clavicle, and gives attachment to another strong 
ligament.o Borpers. Anterior. Thin, concave, and 
rough, for the insertion of a muscle.p Posterior. 
Much thicker than the anterior, and often so flat as 
to deserve the name of a surface (indeed, it is con- 
tinuous, as we shall presently find, with the posterior 
surface of the prismatic portion), It is rough, and 
gives attachment to a muscle.g 

235. PRISMATIC PORTION. Curved, so as to offer a 
convexity in front, and twisted on its axis, so that 
the aspect of its surfaces varies in different portions 
of their length. It presents three suzfaces, separated 
by three lines, or borders, SURFACES. Anterior. Con- 
vex, directed forward, and a little upward, at its 
sternal end, forward, outward, and considerably 
more upward, at its acromial extremity, where it 
becomes continuous with the superior surface of the 
flat portion. It presents, internally, the impression 
of a muscle;r externally it is smooth, and nearly sub- 
cutaneous, being only covered by an extremely thin 
muscular expansion,s and by some nervous filaments, 


nm Conoid. o Trapezoid. 

p Deltoid. q Trapezius. 

r Sterno-cleido-mastoideus. 

s Platysma myoides. 

7 Branches of the cervical plexus (one of which 
sometimes passes through the substance of the bone). 
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Posterior, Concave and smooth, directed backward 
and upward atits inner extremity, backward, inward, 
and a little downward, towards its outer extremity, 
where it presents the foramen for the principal nu- 
trient artery of the bone,w and becomes continuous 
with the posterior border of the flat portion. _ This 
surface corresponds, in the recent subject, to large and 
important nerves,v and vessels.w Inferior. Rough, 
perforated by numerous vascular foramina, gradually 
increasing in width toward its outer extremity, where 
it is continuous with the inferior surface of the flat 
portion. It is marked with a rough, longitudinal 
groove, wider externally than internally, which. is 
called the subclavian groove, and gives insertion, by 
its concavity, to a muscle,a and by its anterior lip, to 
a strong aponeurosis.y Internal to this groove, there 
is a rough impression, called the rhomboid umpression, 
for the attachment of a ligament ;z and, still further 
inward, there frequently appears a little narrow facet, 
by which the clavicle articulates with the cartilage of 
the first rib. Borpers. Superior. Separates the 
anterior from the posterior surface, is rounded and 
indistinet internally, more obvious externally, where 
it joins the posterior border of the flat portion. Ante- 
rior. Separates the anterior from the inferior surface, 
Baca WR Dil hee sees apely eg ieee i as oa 

uw Generally said by anatomists to occur in the 
subclavian groove, in which position, however, it is 
very rarely to be found. 

v Brachial plexus. 

w Subclavian artery and vein. 

x Subclavius. 

y Aponeurosis of the subclavius, 

2 Costo-clavicular. 
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It is rough internally for the attachment of a muscle,a 
and continuous externally with the anterior margin of 
the flat portion (which also gives insertion to a mus- 
cle).b- Near the junction of the prismatic and flat 
portions, this border of the clavicle presents a little 
smooth space to which no muscular fibres are at- 
tached. Posterior. Separates the inferior from the 
posterior surface. It is not always very distinct, but 
it follows the direction of a line drawn from the rhom- 
boid impression to the tuberosity of the clavicle, along 
the posterior border of the subclavian groove. 

936. EXTREMITIES. Inner, or sternal. Presents a 
triangular, articular surface, directed downward, in- 
ward, and forward, concave from before backward, 
slightly convex in the opposite direction, and united, 
by the intervention of an interarticular fibro-carti- 
lage, with the corresponding depression in the upper 
margin of the manubrium. Of its three angles, the 
posterior-inferior is distinguished by being prolonged 
downward and backward, so as to render this surface 
considerably larger than the surface with which it 
articulates; the swperior is connected, by ligamentous 
fibres, with the upper extremity of the fibro-cartilage 
of the joint; the antertor-inferior is nowise remark- 
able. This extremity of the clavicle is surrounded 
by a rough border, into which several ligamentse are 
inserted. Outer. Presents an oval, articular facet, 
generally convex, sometimes slightly concave, di- 


a Clavieular division, or portio attollens, of the 
pectoralis major. 

6 Trapezius. ’ 
_ ce Anterior and posterior sterno-clavicular liga- 
ments, and inter-clavicular ligament. 
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rected forward and outward to articulate with a 
corresponding depression on the acromion process of 
the scapula. The borders of this facet give attach- 
ment to ligaments.d 

237. SrrucTurE. If its shape and functions assi- 
milate the clavicle to the cylindrical bones of the 
extremities, while its transcendental analogies deter- 
mine its position in the costal series, this double re- 
lation is in exact accordance with the interior con- 
formation of the bone. Like the ribs, it is very elastic, 
and cellular in the shaft as well as at the extremi- 
ties ; like the long bones, it is invested with a compact 
layer thicker near the middle than at either end, and 
possesses a medullary canal, small indeed, and in- 
distinct, but sufficient to indicate an approximation 
to the cylindrical form. DeveLopmenr. The bulk 
of the clavicle ossifies from a single point. <A thin 
lamina, however, is subsequently developed at each 
extremity, as a separate epiphysis, which ultimately 
coalesces with the body ofthe bone. ARTICULATIONS. 
With the first bone of the sternum, and with the 
scapula. Frequently also with the cartilage of the 
first rib. 


OF THE ELASTICITY OF THE CLAVICLE. 


238. The clavicle has always been supposed to 
possess a certain elasticity in virtue of its double cur- 
vature ; but no attempt, I believe, has hitherto been 
made to ascertain, by direct experiment, the amount 
of its resilient property. I have endeavoured, by the 
following experiments, to obtain an approximative 
measurement of the elastic force resident in this bone. 


a Superior-and inferior acromio-clavicular. 
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A clavicle was taken from a well-developed, 
middle-aged, male subject, shortly after death, and 
laid upon a smooth surface, with its shaft perpendi- 
eular to the plane of a wall, against which its inner 
extremity rested. 

Upon the outer extremity of the bone, thus dis- 
posed, a smart blow was now struck with a hammer, 
in the direction of its long axis. The hammer re- 
bounded from the end of the bone, which sprang to a 
distunce of nearly two feet fromthe wall. Mr. Fergus 
‘(of King’s College), in whose presence the trial was 
made, suggested that the effect might depend, in some 
‘measure, on the elasticity of the cartilage with which 
the ends of the bone are invested. This objeciion 
was readily met by scraping off the cartilage, and 
repeating the experiment. The result proved the 
elasticity to be independent of the cartilage, for the 
bone sprang as far, in some of the trials even farther, 
than before. The bone was afterward laid upon a 
stone floor, in such a position that it rested, like an 
arch, upon its two extremities, and presented the con- 
-vexity of its prismatic portion towards the ceiling. A 
downward blow being struck upon this convexity, the 
-bone sprang upward to a height of about a foot (as 
nearly as I could judge) from the ground. (The use 
of the hammer in these experiments is attended with 
some inconvenience. The extremity of the bone is 
apt to be crushed or splintered by too heavy a blow ; 
and it eludes a stroke in the least degree oblique. In 
subsequent trials I have employed, with advantage, a 
‘stout rod of wood, in place of an iron hammer.) 

From these observations we may infer, in general 
terms, that the clavicle possesses sufficient longi- 
tudinal elastic force, to throw its own weight nearly 
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two feet on a level surface; and sufficient transverse 
elastic force, opposite the centre of its anterior 
convexity, to raise its own weight about one foot 
vertically. 

The physiological explanation of these facts is 
obvious. The clavicle is endowed with this remark- 
able amount of resilience, on account of the frequency 
and violence of the concussions to which it is ex- 
posed, and also of its importance, as a support to the 
upper extremity, and a defence for the large vessels 
and nerves which lie immediately beneath it. We 
shall offer some remarks, in further illustration ef 
this subject, when we come to describe the slighter 
curvatures of the radius and ulna. 


OF THE SHOULDER IN GENERAL. 


239. The shoulder, formed of the two bones that 
have now been described, is a movable fulcrum, which 
supports the humerus in its position at the side of the 
thorax, and at the same time allows it great latitude 
of motion. For this purpose it presents a horizontal 
branch in front, a vertical one behind. The hori- 
zontal branch, the clavicle, resting against the ster- 
num, prevents the humerus from falling inward. 
Curved, and highly elastic, it has the power of sus- 
taining, without fracture, concussions of considerable 
violence, in the direction of its length; the arched 
and prismatic form of its body enables it to resist blows 
coming from the front; while the peculiar form of its 
sternal articular surface, which is alternately convex 
and concave, and fitted with an elastic, movable 
fibro-cartilage, gives it considerable freedom of mo- 
tion, both in-the horizontal and vertical plane. The 
posterior, vertical lever, the scapula, being confined 
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by no other articulation than that between the acro- 
mion process and the clavicle, of course enjoys the 
utmost possible variety and extent of motion; and, at 
the same time, the constant apposition of its large 
anterior surface to the surface of the thorax (on 
which it glides freely by the interposition of flat 
muscles), keeps it firm and steady in every position 
that it assumes ; while the coste, and processes, which 
run, in every direction, from the neighbourhood of the 
glenoid cavity, afford powerful leverage to the mus- 
cles by which it is moved. 

240, The shoulders, projecting outward on each 
side, alter the apparent dimensions of the thorax, 
giving it the appearance of an inverted cone, whereas, 
in fact, it is larger below than above. 


OF THE ARM, 


241. The arm is formed by a single bone, the 
humerus. 


OF THE HUMERUS. 


242. Depending from the shoulder above, and sup- 
porting the fore-arm below, this bone is the longest 
and largest of the upper extremity. It is cylindrical 
above, twisted on its axis inthe middle, prismatic 
and flattened below ; and it presents for examination, 
a superior and an inferior extremity, between which 
is extended the body, or shaft, of the bone. 

243. SUPERIOR EXTREMITY, The largest and 
strongest portion of the bone. It presents a large 
globular head, supported by a very short neck, which 
separates it from two non-articular eminences, called 
the greater and lesser tuberosities of the humerus. 
Higap. Nearly hemispherical, covered, in the recent 
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state, with articular cartilage, and set obliquely on 
the shaft, so as to look upward, inward, and a little 
backward. It is received into the glenoid cavity of 
the scapula, with which it forms the ball-and-socket 
joint of the shoulder. The smooth, convex surface of 
the head, is limited all round by an uneven margin, 
below which is the contracted portion already alluded 
to asthe NEcK. This is distinguished by the epithet 
anatomical, lest it should be confounded with the sur- 
gical neck of the humerus, which is situated just below 
the tuberosities, and has been so named on account of 
its liability to fracture. The anatomical neck is very 
short above, where it presents the appearance of a 
narrow groove separating the head from the tubero- 
sities ; it becomes longer below, where the direction of 
its axis, forming an obtuse angle with the axis of the 
shaft, may be readily distinguished. The anatomical 
neck is perforated below by several vascular fora- 
mina, and gives attachment, in its whole circum- 
ference, to a strong ligament.e TUBEROSITIES. 
Greater. Situated at the outer side of the bone, ex- 
ternal to the head, and to the lesser tuberosity. Its 
outer surface is broad, convex, and continuous with 
the external surface of the shaft. Its superior sur- 
face is divided, by two slight ridges, into three flat 
facets, an anterior, a middle, and a posterior, each of 
which gives attachment to a muscle.f Lesser. This 
tuberosity is the more prominent of the two, not- 
withstanding its inferiority in bulk. It is situated in © 
front of the head, anterior and internal to the greater 


e Capsular ligament of shoulder-joint, 
Jf The anterior to the supraspinatus, the middle 
to the infraspinatus, the posterior to the teres minor. 
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tuberosity, from which it is separated by the Licipital 
groove (247). It presents a rough, tubercular sum- 
mit, for the attachment of a muscle.g It is just 
below these tuberosities that the bone, beginning to 
contract, takes the name of the surgical neck. 

244. INFERIOR EXTREMITY, Curved forward a 
little, and flattened from before backward, so that its 
transverse greatly exceeds its antero-posterior diame- 
ter. It presents for examination an undulating ter- 
minal articular suvface, flanked by two tubercular 
eminences called the condyles of the humerus, and 
surmounted by three fosse, named, respectively, the 
olecranon depression, or fossa maxima, the coronoid 
depression, or fossa antertor major, and the radial de- 
pression, or fossa anterior minor. CONDYLES. Two 
rough non-articular eminences, projecting, one on 
each side, from the lower extremity of the humerus, 
for the attachment of muscles and ligaments.2 ‘The 
internal condyle is by far the more prominent of the 
two, and presents a slightly enlarged summit, turned 
alittle backward. The ezternal condyle is flattened 


g Subscapularis. 

h The external condyle attaches a tendon com- 
mon to the extensor carpi radialis brevior, extensor 
communis digitorum, extensor proprius minimi di- 
giti, and extensor carpi ulnaris; it also gives origin 
to the anconeus, to the supinator brevis, and the ex- 
ternal lateral ligament of the elbow-joint. 

The internal condyle gives origin to the common 
tendon of the pronator radii teres, the flexor carpi 
radialis, the palmaris longus, the flexor carpi ulnaris, 
and the flexor digitorum sublimis ; also to the inter- 
nal lateral ligament of the elbow-joint, 

U 
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and tubercular. These eminences are continuous 
above with the sharp, curved ridges, by which the 
inner and outer borders of the shaft commence. 
ARTICULAR SuRFACE. Longest in the transverse di- 
rection, and sloped obliquely, so as to descend lower 
internally than externally. This obliquity of the 
inferior articular surface has (as we shall hereafter 
demonstrate) an important influence on the position 
of the fere-arm in flexion. Its direction and degree 
may be gathered from the observation, that when the 
lower extremity of the humerus is made to rest on a 
horizontal plane, the upper end of the bone is thrown 
outward, full two inches and a half, from the perpen- 
dicular. The inferior articular surface is divided, bya 
shallow groove, into two lateral portions, viz., an ex- 
ternal, small, globular eminence, called the lesser head, 
or radial tuberosity, of the humerus ; and an internal, 
wide, pulley-like surface, called the frochlea. The 
lesser head is received into a cup-like cavity on the 
upper extremity ofthe radius. It does not extend to 
the posterior surface of the humerus, but appears only 
on the fore part, and end, of the bone. The groove, 
which intervenes between the lesser head and the 
trochlea, is occupied by the inner margin of the 
above-mentioned cup-like cavity on the upper extre- 
mity of the radius. The frochlea turns over the end 
of the bone, so as to be equally apparent before, be- 
hind, and below. It is convex from before back- 
ward, concave from side to side, presenting two 
lateral margins separated by a shallow groove. This 
groove is wider and deeper on the posterior, than on 
the anterior aspect of the trochlea. It is embraced by 
the sigmoid cavity of the ulna, (258) to the undulations 
of which it presents a converse resemblance. The 
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duier margin of the trochlea, narrow and little pro- 
minent, corresponds, in the elbow-joint, to the inter: 
val between the radius and ulna. The inner margin 
of the trochlea is considerably thicker, and, by its 
projection, (which is especially evident before and 
below) gives to this surface the obliquity already 
described. If we enumerate, from without inward, 
the series of alternate eminences and depressions 
presented by this remarkable surface, we shall have, 
Ist, the lesser head, 2dly, the narrow groove of separa- 
tion, 3dly, the oufer margin of the trochlea, 4thly, the 
groove of the trochlea, 5thly, the inner margin of the 
trochlea. Fossm. Of the three fossz of this exe 
tremity, the fossa maxima, or olecranon depression, 
is by far the largest and most important. It is a 
deep, triangular excavation, situated immediately 
above the trochlea, on the posterior aspect of the 
humerus, and designed to receive the olecranon pro- 
cess of the ulna, during extension of the fore-arm. The 
fossa anterior major, second in size and depth, is 
placed above the trochlea, on the anterior surface of 
the bone, exactly opposite to the last-described, to 
which it is similarin form. This fossa receives the 
ecoronoid process of the ulna, when the fore-arm is 
fiexed, and hence derives the name of coronoid de- 
pression. Its borders give attachment to a ligament.i 
The olecranon and coronoid fosse are lined, in the 
recent subject, by the synovial membrane of the 
elbow-joint ; in the skeleton, they are only separated 
at the bottom by a thin, diaphanous lamina of bone. 
In strongly marked specimens, this lamina some- 
t mes presents a perforation, through which the tip 


2 Anterior ligament of elbow-joint. 
U 2 
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of either process of the ulna may enter the fossa 
appropriated to the other. The fossa anterior mi- 
nor, or radial depression, is a slight indentation, si- 
tuated on the anterior surface, immediately above 
the lesser head. It is indistinct, often indeed scarcely 
perceptible, and receives the anterior margin of the 
head of the radius, in extreme flexion of the fore-arm. 

245. Bovy. Irregularly cylindrical above, prisma- 
tic and flattened below, it presents in the middle a 
twisted-appearance, as if its two extremities had been 
turned in opposite directions, the superior outward, 
the inferior inward. In consequence of this twist, 
its surfaces have different aspects in different portions 
of their length, a surface which is anterior above, 
becoming internal below, &e. The shaft presents for 
examination three borders, separating three surfaces. 

246. BorpERS. Anterior. Runs from the anterior 
part of the greater tuberosity to the fossa anterior major, 
separating the internal from the external surface. It 
is rough and prominent above, where it forms the 
outer margin of the bicipital groove (247) and attaches 
a muscle ;# rough also in the middle, where it forms 
the anterior boundary of the deltoid impression (247), 
and attaches part of another muscle ,/ smooth and 
rounded below, where it is covered by a third mus- 
cle.m External. Runs from the posterior part of the 
greater tuberosity to the external condyle, separating 
the external from the posterior surface. It is 
rounded aud indistinct at its upper part, where it 
gives attachment to a muscle 37 interrupted in the 
eine Sie ne ee 

k Pectoralis major. : 1 Deltoid. 

m Brachialis anticus. 

n The long head of the triceps extensor cubiti. 
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middie by the musculo-spiral groove (247); curved 
forward, and very prominent below, where it at- 
taehes two muscles,o and an aponeurosis.p Internal. 
Runs from the lesser tuberosity to the internal con- 
Gyle, separating the internal from the posterior sur- 
face. It is prominent above, where it forms the 
inner margin of the bicipital groove, and*gives at- 
tachment to three muscles;g very prominent, and 
curved inward, below, where it attaches, like the last 
described, an aponeurotic septum.r Intermediately 
it is rounded and indistinct. 

247. SuRFACES. Posterior. Flat, smooth, and expand- 
ed below, where it looks somewhat outward, as well as 
backward: rounded above, where it inclines a little 
inward. It is covered by a large muscle,s to which 
it gives attachment by its lower third, and also by 
its upper and outer part. Internal. Looks forward 
above, forward and inward below. At its upper part 
it is rendered very narrow, by the approximation of 
the inner and outer lines to form the bictpital groove. 
This groove (named after a tendon, which it serves 


o Supinator radii longus, above; extensor carpi 
radialis longior, below. 

p» Exterval intermuscular aponeurosis. 

q The united tendons of the teres major and latis- 
simus dorsi above, and the short head of the triceps 
extensor cubiti below. 

y Internal intermuscular aponeurosis. 

s The triceps extensor cubiti, the long head of 
which takes origin from its upper and outer part, 
while the fleshy mass formed by the three united 
heads of the muscle, derives accessory fibres from its 
lower third. 
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to transmit), commences above, between the two 
tuberosities ; runs downward and a little inward, be- 
coming gradually shallower ; and disappears near the 
junction of the upper and middle thirds of the bone. 
Its margins are rough for the attachment of muscles; 
its concavity is smooth, and covered in the recent 
subject with a prolongation of the cartilage, and sy- 
novial membrane, of the shoulder-joint. This surface 
is marked, halfway down, by the coraco-brachial im- 
pression, a narrow, rough surface, which attaches a 
muscle,z and presents the medullary foramen, run- 
ning obliquely downwards into the bone. At its 
lower part it is smooth, and gives attachment to 
muscular fibres.v EH.wxternal. Looks outward above, 
where it is rounded, and covered by a muscle ;w ob- 
liquely outward and forward below, where it is flat, 
curves a little forward, and gives origin to part of a 
muscle.x It is traversed in the middle by a broad 
shallow groove, which runs spirally from behind for- 
wardand downward, is called the musculo-spiral groove, 
and transmits a nerve,y and an artery.z This groove 
is bounded above by the deltoid impression, a trian- 
gular, rough surface, of considerable extent, which 
gives insertion to a large muscle of the same name. 
248. SrructurE. The shaft of the humerus is a 
cylinder of compact tissue, hollowed by a large me- 


t That of the long head of the biceps flexor cubiti. 

zw Coraco-brachialis. 

v Of the brachialis anticus. 

w Deltoid. 2 Brachialis anticus. 

y Musculo-spiral. 

z A branch of the superior profunda, frequently 
ealled the musculo-spiral artery. 
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dullary canal; its extremities contain a large quantity 
of very light cancellous tissue, covered by athin layer 
of compact. DevELOPMENT. By eight points, of which 
three are in the upper extremity, one for each tube- 
rosity, and one for the head, four in the lower extre- 
mity, one for each condyle, one for the trochlear 
groove, and one for the radial tuberosity, or lesser 
head. The remaining point, which is the first, both 
in importance and in the order of appearance, is si- 
tuated in the middle of the shaft, whence it gradually 
extends itself towards the extremities. The shaft of 
the humerus begins to ossify between the thirtieth 
and fortieth day of foetal life. The extremities re- 
main entirely cartilaginous during the first year after 
birth. From that tine up to sixteen years of age, 
the ossific points successively appear ; nor is it till the 
eighteenth, or even the twentieth year, that the ossi- 
fic union of the body and extremities becomes com- 
plete. ARTICULATIONS. With the scapula, radius, 
and ulna, by the points specified above. 

MECHANISM AND USES. The mechanism of the upper 
arm, andespecially ofits articulation with the shoulder, 
is so intimately connected with that of the adjacent 
muscles and ligaments, and presents so few purely 
osteological points, that its consideration hardly falls 
within the scope of the present treatise. What we 
have chiefly here to observe, is the combined free- 
dom and variety of motion possessed by the shoulder- 
joint, in virtue of the shallowness of the glenoid 
cavity; and the security from dislocation afforded to 
the humerus, by the overhanging vault of the acro- 
mion and coracoid processes. The shape of the 
humerus is adapted to the performance of motions of 
velocity, by the little prominence of the tuberosities, 
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and by their close approximation to the shoulder- + 
joint. It results from this disposition, that several 
powerful muscles operate upon the bone, in the im- 
mediate vicinity of its turning-point, or fulcrum; so 
that the space through which they draw their re- 
spective points of insertion, is many times multiplied 
at the opposite end of the lever. We shall hereafter 
find, in the elongated neck, and projecting trochanters, 
of the thigh-bone (which is the anulogue of the hu- 
merus in the lower extremity), provisions of a pre- 
cisely opposite tendency. 


OF THE FORE-ARM. 


$49. The fore-arm extends from the elbow to the 
wrist, and is formed of two bones, the radius and 
the ulna, 


OF THE RADIUS. 


230. A prismatic, slightly-curved bone, larger be- 
low than above, and situated at the outer part of the 
fore-arm, parallel with the ulna, to which it is infe- 
rior in length and bulk. Like all the long bones, it 
presents for examination a shaft, or body, and two 
extremities. As the shaft is divided into surfaces, 
by lines which arise from particular points at each 
end of the bone, its study is greatly facilitated by 
the previous description of the extremities. 

251. Upper extrremiry. Is smaller than the lower, 
and presents a head, a neck, and a tuberosity. HEAD. 
This is the expanded articular summit of the bone. _ 
It is hollowed above by a cup-like depression, which 
receives the radial tuberosity, or lesser head, of the 
humerus; and it presents a smooth, cartilaginous 
circumference, broader internally, where it arti- 
culates with the sigmotd cavity of the ulna, (258) 
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than externally, where it is embraced by a ligament.a 

Neck. This name is given to the round, smooth, 
constricted portion of bone, which supports the head. 
[t is the slenderest part of the radius, and surrounded 
by the ligament which embraces the head. Bicip1- 
TAL TUBEROSITY. An eminence situated at the inner 
and fore part of the bone, just where the neck joins 
the body. It is divided into two parts, a posterior, 
rough and tubercular, an anterior, smooth ; the rough 
portion gives inserticn to a tendon,b which glides over 
the smooth surface. 

252. LOWER EXTREMITY. Large, and quadrilate- 
ral, this extremity presents five surfaces, and a siy- 
loid process, for description. Swrraces. Inferior, or 
terminal. Concave, smooth, directed obliquely down- 
ward and inward, triangular in form, with the apex 
ef the triangle outward, and divided, by aline which 
runs from before backward, into two parts; an exfe7- 
nal, triangular for articulation with the scaphoid bone; 
an internal, quadrilateral for articulation with the 
semilunar bone. Antericr. Continuous with the 
corresponding surface of the body, and somewhat 
rough for the attachment cf a ligamente Ezter- 
nal. This surface is prolonged downward upon 
the stylotid process, a blunt pyramidal eminence, 
which projects downward fiom the outer side of 
the lower extremity of the radius, end, by its sum- 
mit, gives attachment toa ligament.d The external 
surface of the styloid process is marked with two 


a Annular ligament. 

‘> That of the biceps flexor cubiti. 

c Anterior ligament of wrist joint. 

d External lateral ligament of wrist joint. 
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grooves, which run from above obliquely downward 
and forward, and are separated by a slight ridge. 
Each transmits the tendon of a muscle.e Infernal. 
Presents a narrow, concave, cartilaginous surface, 
which is called the sigmoid cavity of the radius, and 
articulates with a corresponding lateral convexity on 
the lowerextremity of theulna. Posterior. Convex, 
and continuous with the corresponding surface of the 
shaft, this surface presents three grooves. One, 
placed in the median line of the bone, is narrow, 
deep, bounded on each side by a very prominent 
tubercle, and directed from above obliquely down- 
ward and outward, for the transmission of a single 
tendon f The groove internal to this is broad and 
shallow for the transmission of five tendons,g four of 
which belong to a single muscle. The external 
groove is also broad and shallow, and, in a well- 
marked bone, is subdivided into two minor grooves, 
by a slight longitudinal elevation. Each subdivision 
transmits the tendon of a muscle.h 

253. Bovy, or SHAFT. Presents the form of a tri- 
angular prism, curved upon itself so as to be convex 
outward, and gradually increasing in size from above 


e The anterior transmits the extensor ossis meta- 
carpi pollicis; the posterior transmits the extensor 
primi internodii pollicis. 

JS That of the extensor secundi internodii pol- 
licis. 

g The four tendons of the extensor communis 
digitorum, and the tendon of the indicator.’ 

h The internal transmits the extensor carpi ra- 
dialis longior; the external, the extensor carpi ra- 
dialis breyior. — 
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downward. It is divided by three lines, or borders, 
inte three suxfaces. 

254. LINES OR BORDERS. Internal. Separates the 
anterior from the posterior surface. It commences 
above at the posterior part of the biczpital tuberosity, 
(251), and bifurcates below into two branches, which 
pass to the two extremities of the sigmozd cavity (252). 
lt is slightly concave, very sharp and prominent, di- 
rected toward the ulna, and connected with a broad 
ligament,é that stretches between the two bones. 
Anterior. Separates the anterior from the external 
surface. This line is prominent above, where it 
arises from the anterior part of the bicipital tubero- 
sity and runs obliquely downward and outward ; 
loses its distinctness in the middle, where it descends 
vertically ; and becomes sharp and thin at its lower 
extremity, where it curves a little forward to termi- 
nate, just anterior to the root of the sfyloid process, 
in a small prominent tubercle. Its upper oblique 
portion is distinguished by the name of the oblique 
line of the radius, and gives insertion to two muscles 37 
its tubercular termination, at the root of the styloid 
process, gives attachment to another ;& and a fourth / 
is inserted into its lower part, for the space of about 
two inches above the tubercle. Posterior, Described 
as commencing superiorly at the posterior part of the 
neck, and as terminating inferiorly at the posterior 
part of the root of the styloid process, It is promi- 


2 Interosseous. 

j Supinator radii brevis, and flexor sublimis digi- 
torum perforatus. 

k Supinator radii longus, 

7 Pronator quadratus, , 
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nent and distinct in the middle, but entirely disap- 
pears above and below. If, however, the middle 
portion were produced upward and downward, it 
would reach the points assigned for its commence- 
ment and termination ; and such a fictitious extension 
may be advantageously employed, in order to facili- 
tate the distinction of the surfaces. 

255. SurFAcES. Anterior. Directed somewhat in- 
ward as well as forward, especially above. It is 
narrow, rough, and concave, at its superior extremity, 
and becomes wider, smoother, and flatter, as it de- 
scends. By its upper two-thirds,m and its lower 
fourth,” it gives attachment to muscles; and, at the 
junction of its upper and middle thirds, it presents 
the medullary foramen, entering the bone obliquely 
upward.o Posterior. Directed inward as well as 
backward, especially below. It is narrow, smooth, 
and rounded, in its upper third, where it is covered 
by a muscle; concave in its middle third, where it 
gives origin to two muscles,g flat and curved a little 


m Flexor longus pollicis. 

m2 Pronator quadratus. 

o The medullary foramina of the radius and ulna 
ran upward, that of the humerus runs downward. 
The direction of the medullary foramina in the cor- 
responding bones of the leg is precisely the reverse; 
that is to say, whereas in the upper extremity they 
run fowards the central*joint of the limb (the elbow), 
in the lower extremity they run from the central joint 
(the knee). ; 

yg Supinator radii brevis. 

q Extensor ossis metacarpi pollicis above; exten- 
sor primi internodii pollicis below. 
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backward below, where it is traversed by the ten” 
dons of the five muscles,r which immediately after- 
‘ward run in the grooves that have been described on 
the posterior surface of the lower extremity. Hzter- 
nal. Rounded above, marked in the middle with a 
rough impression for the insertion of a musele,s ren- 
dered narrow below by the ‘approximation of the 
anterior and posterior lines (which terminate, one at 
the anterior, the other at the posterior part, of the 
root of the styloid process). By its upper third, this 
surface gives insertion to a muscle ;f and below, it 
is covered by the two tendons which afterwards run 
in the grooves on the external surface of the styloid 
process.u 
256. StructuRE, Like that of the other cylin- 
drical bones. DEVELCPMENT. By three ossific points, 
one for the shaft, which makes its appearance at the 
point where the medullary artery is subsequently 
found, one for each extremity, of which the inferior 
is the sooner developed. The upper extremity of 
the radius is remarkable as being, of all the epiphy- 
ses, the last to ossify, and the first to unite with the 
shaft. ARTICULATIONS. With the humerus, with the 


ry Which, enumerated from without inward (i.e. 
passing from the styloid process towards the sigmoid 
cavity of the radius), are, extensor carpi radialis lon- 
gior, extensor carpi radialis brevior, extensor secundi 
internodii pollicis, indicator, and extensor digitorum 
communis. 

s Pronator radii teres. 

¢ Supinator radii brevis. 

u Extensor ossis metacarpi, and primi internodii, 
pollicis. 
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ulna (by two points), and with the scaphoid and sé- 
milunar bones of the carpus. 


OF THE ULNA. 


257. The ulna is a strongly-marked, prismatic 
bone, situated at the inner side of the fore-arm, paral- 
lel with the radius, which it exceeds in length, bulk, 
and strength; and from which it further differs, in 
that it tapers gradually from above downward, 
whereas the radius diminishes from its lower towards 
its upper extremity. The ulna is curved upon itself 
in such a manner, that its upper part is slightly con- 
vex both outward and backward, while its lower half 
is convex inward.v It is divided, like the long bones 
in general, into shaft and extremities. 


v I had never imagined that these slight undula- 
tions in the shafts of the cylindrical bones could play 
any important part in the mechanism of the limbs, 
until I happened to learn how greatly the durability 
of carriage-wheels is increased by a scarcely percep- 
tible curvature in their spokes. An experienced 
mechanic assures me that, when the spokes of a wheel 
are sufficiently slender to curve under the pressure 
exerted by the heated tire-iron in shrinking, though 
the deviation from perfect rectilinearity in each 
spoke does not exceed two or three sixteenths ‘of an 
inch, they are found to remain firm and unloosened 
at thenave, when wheels, having straight, and conse- 
quently rigid spokes, have opened at the joints, and 
become unsound. My informant states, that he has 
known wheels of slender proportions to do full one- 
third more service than others of stouter construction, 
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258. UPPER EXTREMITY. Is the strongest and thick- 
est part of the bone, and presents, for examination, 
two curved processes, the olecranon, and the coronoid ; 
and two concave articular depressions, the greater 
and lesser sigmoid cavities. OLECRANON PROCESS. 
A large curved eminence, occupying the summit of 
the ulna, and forming the strongly-marked posterior 
angle of the elbow-joint. It is somewhat contracted 
at its junction with the shaft, and bends forward 
superiorly to terminate in a narrow prominent tip, 
which lies, during extension of the foresarm, in the 
olecranon depression of the humerus. It is exactly 
by the extent of this process that the ulna exceeds 
the radius inlength. The posterior surface of the 
olecranon is of a triangular form, smooth, and sub- 
cutaneous. Its superior surface is irregularly quad- 
rilateral, marked with the rough impression of a 
large muscle; and, in front of that, with a trans- 


and much greater absolute strength, entirely on ac- 
count of the elastic play permitted by this seemingly 
trivial variation of form. These facts afford a striking 
and instructive illustration of the effect of apparently 
insignificant curvatures, in distributing the force of 
concussion, and promoting longitudinal resilience; 
and they leave in my mind no doubt that the-very 
least of the undulations in the cylindrical bones has 
a direct and important influence, in promoting elas- 
ticity, and diminishing the chances of fracture. (For 
an approximative experimental estimate of the effect 
of more considerable curvatures of the bones, the 
reader is referred to the section on the elasticity of 
the clavicle, page 284.) 
w ‘Triceps extensor cubiti, 
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verse groove which attaches part of a ligament.x Its 
anterior surface is smooth, cartilaginous, directed 
downward and forward, and continuous with the su- 
perior surface of the coronoid process. ft forms the 
upper part of the greater sigmoid cavity, for the 
account of which its faller description is reserved. 
This surface is bounded, on each side, and above, by 
a prominent edge, immediately behind which a nar- 
row groove runs round the olecranon, giving attach- 
ment, in the recent subject, toa ligament. The upper 
part of this groove lies close behind the tip of the*pro- 
cess, on the superior surface (in the description of 
which it has just been mentioned) ; its inferior portions 
oceupy the narrow lateral surfaces, of which we have 
only to add, that they separate the anterior and pos- 
terior aspects of the olecranon, and are eontinucus 
below with the lateral surfaces of the shaft. Cone- 
Nop procEss. Projects horizontally forward from the 
front of the ulna, belosy the olecranon. It is a sort 
of pyramid, continuous by its base with the rest of 
the bone, and curved a little upward at its narrow ex- 
tremity, which is received, during flexion of the fore- 
arm, into the coronoid depression of the humerus. 
Of its surfaces, the szperior is smooth, cartilaginous, 
directed upward and forward, and continuous with 
the corresponding surface of the olecranon, with 
which it concurs to form the greater sigmoid cavity, 
(in the description of which it will be included). 
The anterior (or inferior) surface is irregularly cen- 
cave, directed obliquely downward and forward, and 
rough for the attachment of a muscle.y - It is con- 
i i wlth el i ig Ts ee 
« Posterior ligament of elbow-joint. 
y Brachialis anticus, 
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tinuous with the anterior surface of the body, the 
junction of the two being marked by a little rough 
eminence, called the tubercle of the ulna, which serves 
for the attachment of a ligament.z The inner sur- 
Jace presents a rough concavity which attaches part 
of two muscles,a and is continuous below with the 
inner surface of the shaft. It is separated from the 
upper surface of the coronoid process by a prominent 
tubercular ridge, which gives attachment to a liga. 
ment.6 The outer surface presents an oblong, arti- 
eular depression, concave in the direction of its long 
diameter, which is from before backward ; narrow, 
and quite flat, from above downward. This depres- 
sion is called the LESSER SIGMOID CAVITY. Its curve 
is the quarter of a circle, precisely fitting the circum- 
ference of the head of the radius, with which it arti- 
culates. Its extremities give attachment, in the 
recent subject, to the ends of a ligament,c which fur- 
nishes the remaining three-fourths of the circle, com- 
pleting an osseo-ligamentous ring, within which the 
head of the radius turns, as a swivel within its socket, 
The GREATER SIGMOID CAVITY is a large semilunar 
excavation, concave from above downward, but ren- 
‘dered convex in the opposite direction by the pre- 
sence of a smooth, rounded ridge, which extends lon- 
gitudinally from the tip of the olecranon to the tip of 
the coronoid process, and divides the cavity into two 
portions ; an 7nternal, larger, and somewhat concave 
ee Se ee a rR Ree Lee et 

z Oblique ligament of elbow-joint. 

a Pronator radii teres, and flexor digitorum subli- 
mis perforatus. 

6 Internal lateral ligament of elbow- joint. 

¢ Annular ligament of elbow-joint. 

x 
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transversely (as well as from above downward); an 
external, narrower, and nearly plane from side to 
side. The greater sigmoid cavity exactly fits the 
trochlear surface of the humerus, upon which it rolls. 
It is contracted near the middle by two lateral notches, 
which indicate the junction of the two processes by 
which it is formed. The portion above the notches 
is more extensive, and situated on the olecranon ; 
the portion below them is inferior in both dimensions, 
and belongs to the coronoid process. 

959, LoweR EXTREMITY. Is much smaller than the 
upper; and presents, for examination, a rounded 
articular expansion, called the head of the ulna, and 
a conical eminence, called the styloid process. HEAD. 
Presents, inferiorly, asmooth articular surface, which 
plays, in the living subject, on a fibro-cartilage, in- 
terposed between it and the cuneiform bone of the 
carpus ;d externally, it has a narrow, convex margin, 
covered with cartilage, and received into the sigmoid 
cavity of the radius. SryLorp process. Is situated 
on the inner and posterior side of the head, projects 
downward about a quarter of an inch, and terminates 
in a rounded tubercular summit, which gives attach- 
ment to a ligament.e The styloid process is sepa- 
rated from the head, below, by a rough depression, 
which gives attachment to the above-mentioned fibro- 
cartilage, posteriorly, by a shallow, vertical groove, 
which transmits the tendon of a muscle,f 

260. Bopy or SHAFT. Prismatic above, where it 
curves forward and inward, rounded and smooth be- 
fo of NON 3 a SoS Ogee nye 5 aon ie ee aie eee 

d The triangular. 

e Internal lateral ligament of the wrist joint. 

y Extensor carpi ulnaris. 
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low, where it is bent a little outward. It gradually 
diminishes in size from above downward, and pre- 
sents three surfaces, divided by three borders. Bor- 
DERS. External, Separates the anterior from the pos- 
terior surface. Commences, above, by two roots, one 
from each extremity of the lesser sigmoid cavity ; is 
sharp, prominent, and arched, in the middle; and 
becomes indistinct below, where it terminates at the 
middle of the external articular surface of the head. 
It is opposed, in its whole extent, to the sharp inner 
border of the radius, and gives attachment to a liga- 
ment,g that extends between the two bones. Anterior. 
Separates the anterior from the internal surface. 
Commences, above, at the sharp curved ridge which 
runs between the inner and anterior surfaces of the 
coronoid process ; is rounded and smooth, yet distinct, 
in the middle, and terminates, below, at the inner side 
of the head, just in front of the styloid process. It 
gives origin to two muscles.A Posterior. Separates * 
the posterior from the internal surface. Commences, 
above, atthe apex of the triangular surface observed 
on the back of the olecranon, and terminates, below, 
at the posterior part of the base of the styloid process. 
It is very prominent in the two upper thirds of its 
extent, but, inferiorly, becomes rounded and indis- 
tinct. It is flexuous in its course, and attaches an 
aponeurosis common to three muscles.z SURFACES. 


g Interosseous ligament. 

h By its upper third to the flexor digitorum pro- 
fundus perforans; by its lower fourth to the pronator 
quadratus. 

« Flexor digitorum profundus, flexor carpi ulna- 
ris, extensor carpi ulnaris. 

x 2 
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Anterior. Directed forward and inward. Wide and 
concave superiorly, narrow and convex below, it pre- 
sents, at its junction with the coronoid process, the 
tubercle of the ulna, already described; and, two or 
three inches lower down, the medullary foramen, en- 
tering the bone obliquely wpward (see note o, p. 300). 
This surface gives attachment to two muscles.j Poste- 
rior. Directed backward and outward. Wide and con- 
eave above, where it is continuous with the outer sur- 
face of the olecranon process, it increases in width in 
the middle, and becomes narrow and rounded below. 
It presents at its upper parta ridge, called the oblique 
line of the ulna, which runs, from the posterior extre- 
mity of the lesser sigmoid cavity, downward and back- 
ward tothe posterior border, which it joins at an 
acute angle, about two inches below its upper extre- 
mity. This line gives attachment to a muscle,s and 
divides the posterior surface into two parts. The 
superior, and smaller of these portions, gives atach- 
ment toa muscle. The inferior, and more exten- 
sive portion, is subdivided into two parts by a longi- 
tudinal ridge. The part external to the ridge is the 
wider of the two; it is concave, and gives attachment 
to four muscles.m The part internal to the ridge is 
Sabana ae Se ete 

j By its upper. three-fourths, to the flexor digito- 
rum profundus; by its lower fourth, to the pronator 
quadratus. 

k Supinator radii brevis. 

7 Anconeus. 

m Tothe extensor ossis metacarpi pollicis, above ; 
and below this, in succession, to the extensor primi 
internodii pollicis, the extensor secundi internodii 
pollicis, and the indicator. 
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also concave, and gives origin, by its middle third, to 
a muscle.z Internal. Directed inward and back- 
ward. Broad and concave above, where it is conti- 
nuous with the inner surfaces of the olecranon and 
coronoid processes ; narrow and rounded below. Its 
upper three-fourths are covered by a muscle,o to 
which its upper third gives origin ; its lower fourth is 
subcutaneous. 

261. StRucTURE. The ulna presents the ordinary 
structure of the class of bones to which it belongs. 
The olecranon process, in its interior conformation, 
as well as in its position and use, resembles the pa- 
tella of the knee-joint. Indeed, it may be regarded 
as a short bone, united, for the better performance 
of its fanctions, with the extremity of the ulna; and 
this view of its analogies is confirmed by its occa- 
sional appearance as an entirely separate bone: a 
curious variety, an example of which has been ob- 
served by Rosenmiiller. Drve.opment. By three 
ossific points; one for the shaft, which appears about 
the fortieth day of foetal life; one for each extremity, 
developed in the sixth year after birth. It is re- 
markable that, though the inferior extremity ossifies 
earlier than the superior, this latter, on the con- 
trary, is the first to unite with the shaft. This inverse 
relation ‘between the order of ossification and the 
order of junction, is not peculiar to the epiphyses of 
the ulna ; it is a general law, exemplified by all the 
cylindrical bones, in their progress to maturity. 
ARTICULATIONS. With the humerus above; with the 
radius both above and below ; and, by the interven- 


m Extensor carpi ulnaris. 
o Flexor digitorum profundus. 
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tion of the triangular fibro-cartilage, with the cunei- 
form bone of the carpus. 
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262. Under this head are included the relations 
which subsist, first, between the ulna and humerus ; 
secondly, between the radius and humerus; and 
thirdly, between the radius and ulna. 

The most prominent characteristics of the humero- 
ulnar articulation, are, great stability and strength, 
with extensive and swift mobility in a single plane. 
The strength of the joint results from the firmness of 
the grasp with which the long curved processes of 
the ulna embrace the extremity of the humerus ; and 
the limitation of its motion to one plane, depends 
upon the reception of the longitudinal eminence of 
the greater sigmoid cavity into the corresponding 
groove of the trochlea. The direction of the plane 
in which the ulna moves, has already been noticed 
in the course of the foregoing description. It 
inclines obliquely inward, at an angle of about 
10° from the perpendicular line of the humerus ; 
so that the hand, in flexion, is carried toward the 
median plane, instead of rising vertically to the 
shoulder. This obliquity of motion, which throws 
the hand at once into the central position in which 
the majority of its actions are most conveniently 
performed, is occasioned by the prominence. of the 
inner margin of the trochlea, and the consequent in- 
clination of the lower extremity of the humerus. — 
The extent of the hinge-like motion of the ulna, is 
determined by the proportion which subsists between 
the length of the olecranon and coronoid processes, 
and the depth of the depressions provided, in the 
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humerus, for their reception. This is such as to 
permit the extension of the ulna to nearly a right 
line with the humerus, and its flexion to an angle of 
about 30° with that bone. The swiftness of its mo- 
tionsis attained by a disposition similar to that which 
we have already pointed out in the humerus; viz., 
the approximation of its processes of muscular in- 
sertion to the fulcrum of the lever, and the conse- 
quent conversion of the force of its motors near the 
elbow, into velocity, at the distal extremity of the 
limb. 

The articulation between the humerus and the 
yadius, consists in the reception of a small rounded 
eminence of the former bone, into a shallow socket, 
hollowed on the top of the latter. It allows the 
radius to accompany the ulna in its motions of ex- 
tension and flexion, and permits, in addition, a spin- 
dle-like rotation of its superior extremity to the extent 
of about 90°. The contact of these surfaces, how- 
ever, contributes very little to the security of the 
elbow-joint, which depends almost exclusively upon 
the humero-ulnar articulation. The radius, indeed, 
would be capable of complete circumduction on the 
humerus, if it were not firmly bound to the ulna by 
two articulations ; the mechanism of which we may 
next proceed to consider. 

In the superior radio-ulnar joint, the ulna presents 
a cavity, within which the head of the radius rolls ; 
in the infertor radio-ulnar articulation, on the con- 
trary, the radius presents a cavity which glides around 
a convexity of the ulna. When the head of the 
radius rotates, so that its anterior surface becomes 
internal, the shaft of the bone crosses the ulna at an 
acute angle, and its lower extremity is thrown for- 
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ward and inward. In this motion it carries with it 
the hand, to which it communicates the rotatory 
movements that are popularly attributed ‘to the 
wrist. 

263. It has occurred to me that the shape of the 
radius is subject to a simple and constant mathema- 
tical law, which enables us to express the relation of 
its extremities, by the following general formula. The 
head of the radius is so disposed, in relation to the sig- 
motd cavity of the lower extremity, that the axis of the 
Sormer, tf prolonged downward, falls upon the centre of 
the circle, of which the latter is a segment. 

This law, to which I have not found a single ex- 
ception, suggests a more precise definition of the 
motions of the radius on the ulna, than has hitherto, 
I believe, occurred to physiologists. 

Many authors have loosely stated, that the radius 
rotates upon itsown axis; an inexactitude into which 
Sir Charles Bell, amongst other eminent physiolo- 
gists, has fallen. The inaccuracy of such a descrip- 
tion may be rendered evident by the following expe- 
riment. 

Let a recent fore-arm be fixed in a vice, by the 
olecranon process, in such a manner as to leave the 
radius its full freedom of rotation upon the ulna. Let 
a point be now inserted into the centre of the cup- 
like cavity on the head of the radius, and another 
into the centre of its inferior terminal surface, so that 
the two points may coincide with the two extremi- 
ties of the long axis of the bone. ‘The points being 
fixed, let it be attempted to rotate the radius, or in 
anywise to change its relative position with the ulna. 
This will be found impossible; the radius being set 
fast, and incapable of any kind of motion. 
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Cruveilhier is clearly aware that the radius does 
not turn on its own axis below; but he adopts the 
- equally erroneous notion that the transverse diame- 
ter of its lower extremity is the radius of the curve 
which it describes around the ulna “le rayon de l’arc 
de cercle quil décrit autour du cubitus.” (Analomie 
Descriptive, tom. i. p. 421.). On this supposition, the 
inner extremity of a line drawn across the inferior 
surface of the radius, in the direction of its transverse 
diameter, would represent the lower end of the fixed 
axis around which the radius rotates. That this is 
impossible may be shown by making a dot upon the 
ulna precisely opposite the end of aline so drawn, 
and then rotating the radius. The extremity of the 
line will no longer correspond to the dot, but will 
be found removed from it, by the extent of a quarter 
of a circle. Now, a movable point cannot be the 
extremity of a fixed axis. 

If it should be contended, on behalf of Cruveil- 
hier’s assertion, that the axis of rotation, though it 
cannot pass through the extremity of this line, may 
lie in the interval between the radius and ulna, ‘at a 
point immediately beyond it, the refutation of such 
an opinion is of the same kind, and equally easy. It 
is only necessary to mark the terminal surface of the 
radius with lines converging to the point in question, 
and then to perform, as before, the movement of 
pronation. The lines will now cease to indicate the 
original point; perpetually changing their centre of 
convergence during the rotation of the bone, and leay- 
ing the true position of the stationary axis as uncer- 
tain as before. 

The real axis of rotation of the radius is the line ab 
in the following diagram. This line represents the axis 
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ofa cone, of which c dis the base, and e /the truncated 
apex. The centre of its truncated apex corresponds 
-with the centre of the head of the radius, and the 
centre of its base coincides with the centre of the 
circle of which the sigmoid cavity is a segment. 
Hence the axis of the cone must, according to the 
law above stated, coincide with the axis of the head. 
This coincidence is plainly shown in the diagram. 
The portion of the line a 6 which lies above the bici- 
pital tuberosity, evidently represents the axis of the 
head ; and, below the tuberosity, where it quits the 
bone, it corresponds with the imaginary prolongation 
of that axis downward. 

If the prolonged axis of the head of the radius fell 
upon any other point than the intersection of the 
radii of the sigmoid curve, the advance of the shaft, 
in pronation, would involve a slight hinge-like motion 
of its superior joint; which, indeed, I had always 
imagined it to undergo, until I happened to perceive 
the true mathematical construction of the bone. The 
result of the existing disposition is, that the prona- 
tion of the radius, and the simultaneous advance, and 
inward motion, of its lower extremity, are per- 
formed without disturbanee to the parallelism of its 
superior joint. 


OF THE HAND. 


264. The hand, which is the smallest, is also the 
most complex division of the upper extremity ; con- 
taining twenty-seven bones, and thirty-two articula- 
tions. Moreover, as palpation and prehension are 
the distinguishing characteristics of the thoracie ex- 
tremity, so does the hand, by which these functions 
are immediately performed, constitute its essential 
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part; the arm and fore-arm serving but as subordi- 
nate agents, to remove the hand from the trunk, and 
to give scope and variety to its motions.p 

The hand is of an ovoid form, convex posteriorly, 
concave infront. It is divided into three portions, 
distinguished by well-marked differences of size, form, 
and function; viz., the carpus or wrist the meta- 
carpus or palm, and the phalanges or fingers. Each 
of these divisions exceeds its predecessor in extent. 
Thus, to the length of the hand, which constitutes 
about a fourth of the entire limb (measured from the 
shoulder-joint to the tip of the longest finger), the 
carpus contributes (in round numbers) ten parts, the 
metacarpus eighteen, the phalanges twenty-eight. 


OF THE CARPUS OR WRIST. 


265. The carpus consists of eight small bones, dis- 
posed in two horizontal rows, of four each, and arti- 
culated, above with the fore-arm, below with the 
metacarpus, and intermediately with one another. 
The bones of the upper row, enumerated from the 
radial to the ulnar side (which is the direction always 
adopted in enumerating the bones of the hand), 
are, the scaphoides, semilunure, cuneiforme, and pisi- 
Jorme. The boues of the lower row, enumerated, in 
like manner, from without inward, are, the ¢trape- 
zium, trapezoides, magnum, and unciforme. 

The pisiform bone presents, in all its characters, a 
complete contrast to the rest of the series. It is 
peculiar in its form, in its size, in its relative posi-. 


p Hence, these upper portions of the limb are 
often rudimentary, when the terminal division exists 
fully developed ; as in the cetaceous mammalia. 
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tion, and initsuse. Hence, in the following general 
description of the carpal bones, the pisiform must 
be understood to form a standing exception. 


OF THE CARPAL BONES IN GENERAL. 


266. Every carpal bone presents six surfaces, of 
which the anterior and posterior are rough for the 
attachment of ligaments; the superior and inferior 
smooth and articular; the two lateral also smooth 
and articular, when directed towards contiguous 
bones ; otherwise, rough and tubercular. 

_ Of the non-articular surfaces, the posterior is gene- 
rally wider than the anterior. Of the articular sur- 
faces, the superior is generally convex, the inferior 
concave, the two lateral plane in the upper row, si- 
nuously curved in the lower. All these rules, how- 
ever, are subject to individual exceptions. 

267. STRucruRE. The interior conformation of the 
bones of the carpus, exemplifies that of the cuboid 
bones ingeneral. They consist of alight, and highly 
elastic cancellous tissue, enveloped in a very thin 
compact layer. DEVELOPMENT. By asingle ossific 
point for each. These points appear successively 
at various periods, from the first to the fifteenth year 
after birth. Those of the os magnum and cuneiforme 
are first observed ; that of the pisiform comes last. 
Indeed, of all the bones of the skeleton, the pisiform 
bone is the last to ossify. 

The carpus is bound together by numerous liga- 
ments, passing between the non-articular surfaces of 
adjacent bones. These ordinary fastenings of the 
carpus are implied, in the following descriptions, 
whenever mention is made of ligaments, without 
reference to any name at the foot of the page. 
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OF THE CARPAL BONES IN PARTICULAR.G 


UPPER ROW. 


268. ScapHowEs. A bone of an oblong form, the 
largest of its row, and so disposed that its long dia- 
meter runs, from above, obliquely downward, out- 
ward, and forward. SurFaces. Superior. Directed 
upward, outward, and backward. Convex, smooth, 
triangular, and articulated with the outer division of 
the articular surface on the lower extremity of the 
radius (252). Inferior. Directed downward, out- 
ward, and backward. Convex, smooth, triangular, 
and divided, by a slight ridge running from before 
backward, into two portions ; an internal, smaller in 
size, and quadrilateral in form, articulating with the 

q I have described the carpal bones with a degree of 
minuteness which some persons may consider exces- 
sive, because I think that their shape and relations 
are far more rapidly and easily learnt by the aid of 
a precise than of a loose description. Cruveilhier, 
indeed, declares the separate examination of these 
bones to be tedious and useless, and satisfies himself 
with a collective description of each row. The in- 
adequacy of this method is sufficiently shown by the 
errors into which it has betrayed its usually careful 
and accurate author (as, for example, that the 
pisiform articulates with the cuneiform by a lateral 
facet (p. 248); that the anterior surface of the 
semilunar bone is less extensive than the posterior 
(ibid.), &c.; mis-statements rather implied than 
directly advanced; evidently not intended by the 
writer, but incidental to a vague and inexact method). 
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trapezoides; an external, more extensive, and of 
triangular outline, articulating with the trapezium. 
(The ridge of separation on this surface becomes in- 
distinct, often quite imperceptible, when the articu- 
lar cartilage is removed.) Posterior. Diminished in 
its vertical extent by the encroachment of the supe- 
rior and inferior surfaces, which extend over this 
aspect, so as to leave between them only a narrow, 
rough groove, for the attachment of ligaments. An- 
terior. Directed forward, upward, and inward. Con- 
cave and rough above, elevated below into a promi- 
nent tubercle, which extends forward from the front 
of the carpus, for the attachment of a muscle,r and 
a ligament.s Ezternal. Directed upward and out- 
ward; narrow and rough for the attachment of a 
ligament.¢ Internal. Smooth and cartilaginous, di- 
vided, by a horizontal, crescentic ridge, into two parts; 
a superior, directed inward and forward, narrow, 
semilunar, plane, and articulated with the semilunar 
bone; an inferior and larger, directed inward, for- 
ward, and downward, and contributing, by its oval 
concavity, to form ‘the socket for the head of the os 
magnum (274). ARTicvLaTIons. With the radius 
above, the trapezium and trapezoides below, the 
semilunar bone and os magnum, internally. 

269. SEMILUNARE. A bone ef crescentic form, with 
the concavity directed downward ; wider before than 
behind, and above than below; placed between the 
scaphoid and cuneiform bones. SuRFACES. Superior. 
Smooth, quadrilateral, convex; continuous, in the 


ry Abductor pollicis. 
s Anterior annular ligament of the carpus. 
¢ External lateral ligament of the wrist-joint, 


320 CARPAL BONES. 


united carpus, with the superior surface of the sca- 
phoid ; and directed upward for articulation with the 
inner of the two divisions on the terminal surface of 
the radius (252). Inferior. Concave trom before back- 
ward, plane from side to side, and divided, by a line 
running from before backward, into two parts; an 
external and larger, which forms the upper part of 
the socket for the head of the os magnum ; an in/er- 
nal, very narrow, and directed a little inward, for 
articulation with the summit of the unciform bone 
(275). External. Directed outward and backward. 
Narrow, semilunar, and plane, for articulation with 
the scaphoid. Internal. Directed inward, forward, 
aud downward. Smooth, flat, and quadrilateral, for 
articulation with the cuneiform bone. Anterior and 
Posterior. Rough for the attachment of ligaments. 
The anterior is the more extensive; the posterior 
being diminished, above, by the prolongation down- 
ward and backward of the superior surface. ARTI- 
CULATIONS. With the radius above, os magnum and 
unciform below, scaphoides and cuneiforme by its 
lateral aspects. 

270. CUNEIFORME. A bone of a pyramidal form, 
having its long diameter placed obliquely, so that 
the base looks outward and upward, and the apex in 
the opposite direction. Surraces. Superior. Di- 
vided into an izternal, small, non-articular, portion 3 
and an external, more extensive surface, convex and 
quadrilateral, smooth and cartilaginous, directed up- 
ward, inward, and backward, and articulated, by the 
intervention of an interarticular cartilage, with the 
end of the ulna. Inferior. Directed downward and 


u Called the triangular fibro-cartilage of the wrist. 
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outward, for articulation with the unciform bone ; 
smooth, irregularly quadrilateral, and curved in such 
a manner that itis concave, and turned a little for- 
ward, externally ; convex, and turned a little back- 
ward, at its inner extremity. Esternal. Directed out- 
ward, upward, and backward ; smooth, quadrilateral, 
and flat, for articulation with the semilunar bone. 
Internal, A small, non-articular surface, forming the 
lowest point of the bone, and roughened for the at- 
tachment of aligament.v An/erior. This surface is 
rough externally for the attachment of ligaments ; and 
presents, internally, a smooth, oval, slightly convex 
surface, which articulates with the pisiform bone. 
Posterior, Rough for the attachment of ligaments. 
ARTICULATIONS. Withthe semilunar bone externally, 
the pisiform in front, the unciform below; and above 
with the end of the ulna, through the medium of 
the triangular cartilage. 

271. Pisirorme. This, the smallest of the carpal 
bones, is of an ovoid form, placed vertically, in front 
of the cuneiform bone, with which it articulates by a 
smooth concavity on its posterior aspect. It presents 
no other articular surface, being elsewhere rough for 
the attachment of muscles and ligaments.2 


v A fasciculus of the internal lateral ligament. 

w Jn front it gives attachment to the anterior 
annular ligament; externally, to a fasciculus of the 
internal lateral ligament of the wrist; above, to the 
flexor carpi uluaris; below, to the adductor (some- 
times incorrectly called abductor) minimi digiti; and, 
by its whole circumference, to ligamentous bands, by 
which it is fastened to the cuneiform bone. 


+6 
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SECOND ROW. 


272. Trapezium. A bone of very irregular shape, 
situated between the scaphoid and the first metacar- 
psl bone. SURFACES. Superior. Concave, and di- 
rected upward and inward, for articulation with the 
outer division of the lower surface of the scaphoid. 
Inferior. Directed downward and outward, convex 
from before backward, concave from side to side, and 
articulated with the first metacarpal bone. Internal. 
Divided into two parts by a horizontal ridge. The 
upper and larger portion is concave, and directed 
inward and backward for articulation with the tra- 
pezoid bone; the lower portion is a little flat facet, 
directed downward and inward, for articulation with 
a corresponding small surface on the second meta- 
carpal bone. Eaternal and Posterior. Rough for the 
attachment of ligaments. Anterior. Presents, in 
the middle, a prominent ridge, running from above, 
cownward, and a little inward. This corresponds 
to a similar, though much larger process of the unci- 
form bone, and may be called the oblique ridge of 
the trapezium. It gives attachment to three mus- 
clesy andaligament.z On its inner side is a groove — 
which has a similar oblique direction, and gives pas- 
sage to atendon.a ARTICULATIONS. With the sca- 


xz Theexternal latera! ligament is attached to the 
outer surface; the ordinary carpal ligaments to the 
posterior. , 

y Opponens, flexor brevis, and adductor pollicis. 

2 Anterior annular ligament of carpus. 

a That of the flexor carpi radialis. 
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phoides above, with the trapezoides and second me- 
tacarpal bone internally, and with the first meta- 
carpal bone below. 

273. TRapezoines. An irregular bone, the smallest 
of the second row, interposed between the trapezium 
and the magnum, larger below than abuve, and be- 
hind than before. Surraces. Anterior and Poste~ 
rior. Rough for the attachment of ligaments. The 
latter is the widest surface of the bone ; the former 
gives origin to a muscle.b Superior. Small, quadri- 
lateral, and concave, for articulation with the sca- 
phoid. Inferior. Concave from before backward, 
conrex from side to side, and articulated with the 
second metacarpal bone. This surface sometimes 
articulates also with the extremity of the third me- 
tacarpal bone, by a narrow facet atits posterior and 
internal part. External. Smooth, convex, directed 
outward and forward, and articulated with the cor- 
responding surface of the trapezium. Internal. 
Concave and smooth in front, for articulation with 
the os magnum; rough behind, for the insertion of 
a ligament. ARTICULATIONS. With the scaphoid 
above, trapezium externally, os magnum internally, 
second(and occasionally third) metacarpal bone below. 

274. Macnum. The largest bone of the carpus, in 
the centre of which it is placed. It presents a rounded 
portion called the head, above; a cubical portion 
ealled the body, below; and an intermediate con- 
tracted part, sometimes distinguished as the neck. 
The separate description of these parts would, how- 
ever, involve an unnecessary degree of prolixity. It 
is sufficient to observe, that the head is received into 


6 Adductor pollicis. 
Yo 2 
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a socket, formed by the scaphoid externally, and the 
semilunar bone above ; and that it presents a smooth 
ridge, running from before backward, and corre- 
sponding to the junction of those two bones. Con- 
sidered as a whole, the os magnum presents, like 
other cuboid bones, six surfaces for examination. 
SurFaces. Superior. Convex from before back- 
ward, more slightly so from side to side, and arti- 
culated with the concavity of the semilunar bone. 
Inferior. Divided, by two ridges running from be- 
fore backward, into three portions. Of these the 
middle portion is by far the largest, and articulates 
with the third metacarpal bone. It is curved, so as 
to be convex posteriorly, slightly concave in front. 
The outer portion is next in size; it is concave, and 
directed downward and outward, for articulation with 
the second metacarpal bone. The inner portion is a 
little flat facet, situated at the posterior corner of the 
bone, directed downward and inward, and articulated 
with the fourth metacarpal bone. Infernal. This 
surface of the bone presents, posteriorly, an oblong, 
concave, articular surface, which glides on the unci- 
form bone; anteriorly, a rough surface, which at- 
taches an interosseous ligament. External. Presents, 
at its lower and anterior part, a flat, smooth surface, 
for articulation with the trapezoides. Behind this 
surface, is a rough space, for the attachment of an 
interosseous ligament. Above it, is a rough groove, 
which represents the reck, and also attaches liga- 
mentous fibres. Above this groove, again, is a smooth 
convexity, which articulates with the scaphoid, and 
forms the outer aspect of the head. Posterior and 
Anterior. Convex and rough, for the attachment of 
ligaments. The former is much wider than the latter. 
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“ARTICULATIONS. With the semilunar bone above; the 
second, third, and fourth metacarpal bones below ; 
the scaphoides and trapezoides externally ; the unci- 
form bone on its inner side. 

275. UNcIFoRME. A large wedge-shaped bone, 
placed, with its base downward, between the magnum 
and cuneiforme. It ischaracterised by a large hook- 
like process, which will be presently described. Sur- 
FACES. Superior. An extremely narrow facet, form- 
ing the apex of the bone, slightly convéx from before 
backward, and directed upward and outward, to arti- 
culate with thesemilunar bone. Inferior. Divided, 
by a ridge running from before backward, into two 
portions, of which the immer and larger is directed 
downward and inward, to articulate with the fifth 
metacarpal bone; while the owter looks directly down- 
ward, and articulates with the fourth metacarpal bone. 
Both these facets are concave from before backward ; 
the outer is plane, the inner slightly convex, from 
side to side. External. Presents, posteriorly, a con- 
eave, articular surface, larger above than below, and 
articulated with the os magnum; in front of this, a 
small, rough, non-articular portion, for the insertion 
of an interosseous ligament. Jnternal. Directed ob- 
liquely inward and upward; curved in such a manner 
that it is convex, and looks a little backward, at its 
upper part; whileitis concave, and turned somewhat 
forward, below. It articulates with the cuneiform bone. 
Posterior. Triangular, convex, and rough for the 
attachment of ligaments. Anterior. Presents, at its 
internal and inferior part, the unciform process, a 
large hook-like eminence, which first runs horizon- 
tally forward, and then curves outward, to give at- 
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tachment, by its summit, to a sirong ligament.c This 
vrocess is flattened from side to side, so as to present 
two lateral surfaces, and a superior and inferior bor- 
aer. Externally, it is smooth, and grooved in the 
vertical sense, for the passage of several tendons :d 
and by its lower border it gives origin to two muscles.e 
This process, and the pisiform bone, by which it is 
surmounted, correspond to two smaller eminences 
occupying the same relative position at the opposite 
end of the carpus; viz, the oblique ridge of the 
trapezium, and the tubercle that projects from the 
scaphoid, immediately above it. These four emi- 
nences stand out from the front of the carpus, deep- 
ening its anterior concavity, and furnishing attach-_ 
ment to astrong, transverse ligament, which stretches 
across that concavity, closing it in front, and forming 
with it an oval ring, through which the flexor tendons 
run. They serve also for the attachment of several 
muscles, to which their prominence affords advan- 
tageous leverage; diminishing the obliquity, and, 
consequently, augmenting the force, of their action 
upon the bones. Cruveilhier associates these pro- 
cesses as the four apophyses of the carpus, distinguish- 
ing them from each other by sub-appellations expres- 
sive of their relative position. Thus the pisiform 
bone is the internal-superior, and the unciform pro- 
cess the infernal-inferior, apophysis ; while the tuber- 
cle of the scaphoid, and the oblique ridge of the 
trapezium, are respectively the external-superior, and 


e Anterior annular. 
d Flexor tendons of the hand. 
e Opponens, and flexor brevis, minimi digiti. 
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the external-inferivr, apophyses of the carpus. This 
nomenclature is worthy of adoption, because it con- 
nects four eminences, which are naturally related by 
their position and use; also because it exhibits the 
pisiform in its true character, as an appendage to the 
cuneifurm bone, rather than an independent element 
of the carpus; a view founded on the size and rela- 
tions of the bone itself, and confirmed, as we shall 
hereafter find, by consideration of its analogue in 
the tarsus. ARTICULATIONS. The unciform articu- 
lates with the cuneiforme, semilunare, and os mag- 
num, of the carpus; and with the fourth and fifth 
bones of the metacarpal series. 


OF THE CARPUS IN GENERAL. 


276. The carpus, formed of these eight bones, is 
of an elliptical figure, with its long diameter trans- 
verse. It is convex from side to side, behind; but, in 
front, presents a concavity, increased by the four 
apophyses of the carpus, soas to form a deep groove, 
which transmits the flexor tendons of the hand.. The 
upper border of the carpus is convex and even, to 
articulate with the radius, and, by the intervention of. 
the triangular fibro-cartilage, with the ulna. The 
lower border also presents a general convexity, though 
interrupted, and, as it were, notched, for articulation 
with the metacarpal bones. It may be inferred from 
this form of the carpus, that the bones of the upper 
row (speaking generally) are wider above than hbe- 
low ; those of the lower row, on the contrary, wider 
below than above; and all, of both rows, wider behind 
than before. 

It is usual, in treating of the carpus in general, to 
deliver some observations upon the structure and, 
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relations of each row considered as a whole. But f 
object to this horizontal division of the carpus, for 
reasons which will appear in the following section ; 
in which also will be explained the principles of a 
new, and, as I believe, more philosophical arrange- 
ment of the carpus, deduced from an analysis of its 
mechanical construction. 


MECHANISM OF THE CARPUS- 


277. Under this head we have to consider, first, 
the relations of the carpo-radial and carpo-ulnar 
articulations; and, secondly, the structure of the 
earpus itself, and the motions of its proper joints. 

278. The carpo-radial articulation presents most 
of the characters of an enarthrosis, or ball-and-socket 
joint. The carpal articulating surface is convex in 
every sense, and capable of rolling from before back- 
ward, and from side to side, in the shallow terminal 
concavity of the radius; communicating to the hand 
the motions of extension and flexion, abduction and 
adduction, as well as the compound movement of 
circumduction, which results from the performance of 
the four simple motions in successive combinations 
of two. The adduction of this joint is more exten- 
sive than its abduction, for reasons which will be ex- 
plained in the following paragraph (279). Its exten- 
sion can be carried further than its flexion, because 
the carpal articulating surface deseends lower, and 
ean, therefore; roll further upon the radius, behind 
than before. (This difference, however, is more than 
compensated by a capability of flexion resident in the 
carpus itself (283); so that, disregarding particular 
joints, and considering the hand generally, the motion 
of flexion is superior to that of extension.) 
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The carpus has not the true globular form of an 
enarthrodial head, being considerably more extensive 
transversely. than in the antero-posterior diameter. 
Hence, it is totally incapable of rotation on its own 
axis (a motion characteristic of genuine enarthrosis), 
and is not brought into action by the pronation and 
supination of the hand. These motions are per- 
formed by the bones of the fore-arm, in a manner 
already described (262). The advantage of this 
disposition is twofold. In the first place, the stabi- 
lity of the carpo-radial joint is increased by its late- 
ral extension; and, secondly, the long shaft of the 
radius affords space for the insertion of a much larger 
body of pronators and supinators, than could be 
brought to act directly upon the carpus itself. 

279. The carpo-ulnar articulation is smaller, and 
far less important, than the last-described joint. It 
is formed by the smooth lower extremity of the ulna, 
on the one hand, and by the superior aspect of the 
cuneiform bone on the other. Both its surfaces, 
when covered with their natural cartilage, are con- 
vex, and, consequently, not adapted to play upon 
each other. But they are prevented from coming 
into contact by an interarticular cartilage; which, 
being slightly hollowed on both sides, furnishes each 
surface with a coneavity adapted for its reception. It 
may be further observed, in regard to the carpo- 
ulnar joint, that it is only brought into play during 
the movement of adduction ; its surfaces being sepa- 
rated by a considerable interval, when the hand is in 
a straight line with the fore-arm ; and by a still 
greater, when it is inclined outward. This non-con- 
tiguity, which depends upon the oblique aspect of the 
superior surface of the cuneiform bone, is in strong 
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contrast with the constant and close apposition of the 
carpo-radial joint, and accounts for the superior 
freedom and extent of the motion of adduction. 

280. The articulations of the carpal bones with each 
other, are chiefly designed to distribute the force of 
cencussions transmitted from the metacarpus to the 
extremity of the radius. The number and com- 
plexity of these joints seem hitherto to have deterred 
anatomists from attempiing an exact analysis of their 
curious mechanism. But their several actions may 
be clearly and orderly developed, by the simple ex- 
pedient of ascertaining successively the effect of a 
shock transmitted aloug each of the metacarpal bones. 

The annexed diagram represents a posterior 
view of the carpus, artificially separated (for rea- 
sons which will presently appear) into two lateral 
portious, and somewhat enlarged for distinctness’ 
sake. a represents the scaphoid bone, bthe semi- 
lunar, ¢ the cuneiform, d the trapezium, e the trape- 
zoides, f the magnum, and g the unciform; while 
the figures 1, 2, 3, 4, 5, are placed, each upon the 
metacarpal bone of which it is the numerical desig- 
nation, 

281. A blow, struck either upon the fourth or fifth 
metacarpal bone, in the direction of its length, is re- 
ceived by the unciforme; which, yielding to the shock, 
insinuates its wedge-like body further between the 
magnum and cuneiforme, dividing part of the shock 
between those two bones; while its narrow summit, 
impinging upon the semilunare, transmits another 
portion of the violence in a direct line through that 
bone to the radius. 

A blow upon the middle metacarpal bone, passes 
directly to the os magnum, and is divided between 
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the scaphoides and semilunare, with which the head 
of that bone articulates. 

The several directions in which these shocks reach 
the carpus, are indicated, in the diagram, by the 
arrows drawn upon the last three metacarpal bones ; 
and their subsequent distribution is shown by the 
groups of arrows drawn upon the unciform bone and 
the os magnum. 

Several other motions are impressed upon this part 
of the carpus by concussion of the fingers which it 
supports. Ihave observed a slight twisting motion 
of the cuneo-unciform joint, in which the unciform 
bone advances a little at its outer side (gliding for- 
ward upon the os magnum) and retreats in a cor- 
responding degree internally; a species of rotation 
which is evidently favoured by the alternate con- 
vexity and concavity of the articulating surfaces of 
this joint. There is alsoa hinge-like motion in the 
vertical plane performed by the os magnum, the head 
of which turns within its scapho-semilunar socket, so 
that its lower extremity passes a little backward. 

The student must bear in mind, in studying these 
actions of the carpus, how speedily all its motions 
are arrested by the tension of the carpal ligaments ; 
upon which, owing to this very circumstance, the 
force of every concussion is, in a great measure, 
spent. 

282. We now come to consider that portion of the 
carpus which is interposed between the radius and 
the two most exposed of the metacarpal bones , viz., 
the first and second of the series; which bones, in 
all manual exertions, (as, for instance, in striking 
with a tool grasped in the hand, thrusting with the 
open palm, falling upon the upper extremity, &c.) 
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sustain the chief violence of every strain and con- 
cussion. And here, expecting to find a separate 
mechanical contrivance for the mitigation of violence 
passing along each of these bones, one is pleased to 
observe how with a single, and most simple provi- 
sion, nature has satisfied the double exigence. The 
contrivance to which I allude, consists in a two-fold 
obliquity of the scaphoid bone; the exact direction 
and effect of which will be understood by reference 
to the smaller of the two divisions in the last diagram, 
which represents the two metacarpal bones in ques- 
tion, and the scaphoid (a) trapezium (d) and trape- 
zoides (e) by which they are supported. The axes 
of these several bones are respectively indicated by 
the straight linesah, dt, kl, em, and no; and, 
upon comparing the direction of these lines, it will be 
seen that the axis of the scaphoid is inclined upon 
that of the trapezoides, so as to form with it an ob- 
tuse angle, having its apex turned toward the radial 
side. The abruptness of this angle undergoes 4 
momentary increase, during the passage of a concus- 
sion from the fore-finger to the radius ; the lower end 
of the scaphoid moving in the direction h p, and, by 
this action, throwing the force of the shock, partly on 
the surfaces of the joint itself, partly upon those of 
the contiguous bones, and partly upon several of the 
carpal ligaments, which are put, for an instant, upon 
the stretch, and immediately afterwards, by their re- 
action, restore the bones to their original position. 
But this diagram exhibits no such angle interposed 
between the radius and the first metacarpal bone. 
The axes a h, di, kl, form a continuous straight 
line, along which a concussion might travel, with 
unbroken violence, from the thumb to the extremity 
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of the radius. In fact, the arrangement to which 
the thumb owes its elasticity cannot be seen in this 
view of the carpus. It is shown in the annexed 
sketch, which repre- 
sents the scaphoides, 
trapezium, and first 
metacarpal bone, seen 
from the radial side. 
In this lateral view, 
the axis of the sca- 
phoid (a %) is seen to, 
form wiih that of the 
}-’ trapezium (d 7) an 
; obtuse angle, having 
the apex directed for- 
ward, and, conse- 
quently, not visible in 
a diagram of the back 
of the carpus. This 
angle is precisely ana- 
logous, in its relations 
and use, to the former 3 
promoting, by similar 
means, and probably 
in about an equal de- 

: gree, the longitudinal 
elasticity of the finger which it supports. 

283. Besides the motions thus impressed upon the 
carpus by concussions, its joints are brought into play 
during the ordinary movements of the hand. Thus, 
in ferion, the os magnum turns within its socket, so 
that its lower extremity advances, together with the 
adjacent, bones ; while the scaphoid, gliding below 
upon the trapezium and trapezoides, assumes a less 
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oblique position. In extension, precisely the opposite 
motions occur; the os magnum retreats at its lower 
extremity, and the inclination of the scaphoid is in- 
ereased. Abduction and adduction, when suddenly 
and forcibly performed, produce slight gliding motions 
among the carpal bones, by which the jar of abrupt 
ehecks is considerably diminished. The carpus is 
also susceptible of a general movement, by which its 
anterior concavity is slightly increased. But these, 
and the like, are secondary actions—incidental rather 
than essential functions of the carpus; Which ap- 
pears to be organised for the special, and primary 
purpose, of affording an elastic support to the 
fingers. 

284. Thisaccount of a few of the principal motions 
of the carpus, is chiefly derived from a minute expe- 
rimental analysis of the mechanism of the human 
hand and foot, which has occupied me, at intervals, 
during several years; and will furnish, when com- 
pleted, the material of a separate treatise. I shall 
conclude, for the present, by suggesting a new classi- 
fication of the carpal bones, founded on this analysis, 
and, as Ebelieve, more extensively applicable, and, 
therefore, more convenient, than the present division 
into horizontal rows. 

285, The carpus, considered with regard to its me- 
chanical structure, consists of two lateral portions; an 
external, smaller, comprising the scaphoides, trape- 
zium, and trapezoides, presenting the trapezio-sca- 
phoid, and trapezoido-scaphoid angles, and supporting 
the first two metacarpal bones; an internal, larger, 
formed by the five remaining carpal bones, and sup- 
porting the three inner bones of the metacarpal se- 
ries. Each of these portions is further susceptible of 
a horizonta! subdivision. 
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The inner portion, in the arrangement of which 
the characters of firmness and solidity are conspi- 
cu ous, presents two bones and a fixed apophysis (the 
unciform) below ; two bones, and a movable apophysis 
(the pisiform) above. 

The oufer portion, in the construction of which the 
character of elasticity predominates, presents two 
small bones, of cubical form, below; and one, of larger 
size, elongated figure, and a doubly oblique inclina- 
tion, above. This portion, like the former, possesses 
two apophyses. the superior tubercular (belonging to 
the scaphoid), the inferior an unciform ridge (of the 
trapezium). (These two portions of the carpus 
are shown, a little separated from each other, in the 
diagram at page 331.) 

A precisely analogous difference in arrangement 
and elasticity, will hereafter be shown to exist between 
the lateral portions of the tarsus; so that this new 
division furnishes a ready means of classifying the 
cuboid bones, as well in the foot as in the hand; a 
double applicability which the horizontal division 
cannot be said to possess, except it be taken in con- 
nexion with certain transcendental views concerning 
the modification and transposition of bones, which 
the English scheols are not yet prepared to admit. 
An if those views should be adopted, the principle 
of combining the horizontal and longitudinal divisions 
in one method, as here proposed, will still have the 
advantage of suggesting, at once, the transcendental 
and the mechanical relations of the carpus. 
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OF THE METACARPUS. 


286. The metacarpus presents a series of five 
cylindrical bones, which are articulated with the 
carpus above, and descend, diverging a little, to sup- 
port the phalanges below. These bones are desig- 
nated numerically—first, second, third, fourth, fifth, 
proceeding from the radial to the ulnar side. They 
are all formed upon the same model, with the ex- 
ception of the first, which is analogous in several of 
its characters to the phalanges. For this reason the 
first, or os metacarpi pollicis, will not be included in the 

‘following general account of the metacarpal bones g 
but will be reserved for separate description in the 
section on their differential characters. 


COMMON CHARACTERS OF THE METACARPAL BONES, 


287. Each metacarpal bone presents for examina- 
tion two extremities, connected by a body, or shaft. 

288. EXTREMITIES. Superior or Carpal. This 
extremity is considerably expanded, somewhat of a 
cubical form, and wider behind than before. It 
presents five surfaces ; a superior, smooth and carti- 
laginous for articulation with the carpus ; an anterior 
and posterior, rough and tubercular for the attach- 
ment of ligaments ;f and lastly, an internal and an 
external, presenting small articular facets, by which 
the metacarpal bones articulate with each other. 
Inferior or digital. Formed by an oblong, articular 
condyle, flattened on each side, and prolonged for- 
ward, so that its antero-posterior exceeds its trans- 


JF Dorsal and palmar carpo-metacarpal ligaments. 
VA 
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verse diameter. Like the upper extremity, it pre- 
sents five surfaces for examination. The znfertor or 
terminal surface is convex in all directions, but espe- 
cially from before backward. It is wider, and ex- 
tends further upward, before than behind. In the 
recent state, it is covered with cartilage, for articula- 
tion with the first phalanx of the corresponding finger. 
Each lateral surface presents a rough depression, 
bounded posteriorly by a small tubercle. To this 
tubercle, and to the posterior part of the depression, 
the upper extremity of a ligament g is attached. The 
posterior surface is wide and flat. The anterior is 
rendered slightly concave by two little tubercles, 
which project forward, one on each side, like dimi- 
nutive condyles ; and the shallow groove thus formed 
transmits the flexor tendons of the corresponding 
finger. 

289. Bopy or sHaFrr. Of a prismatic form, curved 
so as to be convex from above downward behind, 
concave in the same direction in front, and divided by 
three lines into three surfaces. LINES. Anterior. 
This line commences above by two roots, one from 
each side of the superior extremity ; becomes rough 
and prominent as it descends ; and bifurcates be- 
low to terminate at the two little condyloid emi- 
nences of the inferior extremity. The superior and 
inferior bifurcations of this line enclose small trian- 
gular spaces, which form, as it were, vestiges of an 
anterior surface, and furnish a bearing for the flexor 
tendons, in their passage across the palm. It is on 
or near the anterior line, a little above the middle 


g Lateral ligament of the metacarpo-phalangeal 
joint. 


METACARPAL BONES, 338 


of the shaft, that the medullary foramen is seen, 
entering the bone obliquely zpward. (In adult spe- 
cimens, however, this aperture is usually closed up, 
and its place cannot be discerned.) Inner and ouler. 
A common description will suffice for these lines. Each 
descends from one side of the superior extremity, to 
the lateral tubercle on the corresponding side of the 
lower extremity. Smooth, but sufficiently distinct, 
they separate the posterior from the two lateral sur- 
faces. SuRFaces. Posterior. Convex from above 
downward, and wider above and below than in the 
middle. Its upper half is divided, by a longitudinal 
ridge, into two narrow portions. This ridge bifurcates 
at the middle of the bone, and its branches run to the 
lateral tubercles of the lower extremity. Thus the 
posterior surface is divided into three portions; two 
superior, directed laterally, of triangular form (with 
the apex downward), giving attachment to muscles ; 
h one inferior, and more extensive, also of triangular 
figure (but with the apex above), fiat, directed back- 
ward, and covered by the tendons which extend the 
fingers. Lateral. These surfaces are separated from 
each other by the anterior line. They are slightly 
concave from above downward, and convex in the op- 
posite direction. They correspond to the tnterosseous 
spaces which exist between the shafts of the meta- 
carpal bones, and they give attachment to the muscles 
which those spaces contain.z 

290. Structure. The metacarpal bones have 
already been stated to belong to the class of cylin- 
drical or long bones; we have here to add, that they 
present the interior conformation common to that 


hk Dorsal interossei, z Interossei, 


N 
bw 


340 DIFFERENTIAL CHARACTERS OF THE 


class; an account of which will be found appended 
to the description of the humerus (248). D&VELOP- 
Ment. The four metacarpal bones to which the above 
general description exclusively applies, are developed 
by two points each ; one for the shaft, and one for 
the lower extremity. The metacarpal bone of the 
thumb has a peculiar development, which will be 
mentioned among its differential characters. ARTI- 
CULATIONS. With the carpal bones, and with each 
other, above; with the phalanges below. 


OF THE DIFFERENTIAL CHARACTERS OF THE METACAR- 
PAL BONES. 


OF THE FIRST METACARPAL BONE, OR OS METACARPI 
POLLICIS. 


929]. This is the shortest and widest of the meta- 
carpal bones. It is placed on a plane anterior to 
that of the other four, and it is so turned, that its 
anterior surface looks somewhat inward toward them. 
Moreover, it diverges from its carpal joint more than 
any other bone of the series ; whence the great width, 
and triangular form, of the interosseous space between 
this and the second metacarpal bone. 

292, Extremities. Superior. Is most extensive in 
the transverse diameter. Its carpal articulating sur- 
face is remarkably curved, being concave from be- 
hind forward, and convex from side to side, to cor- 
respond with the lower surface of the trapezium, upon 
which it enjoys considerable variety and extent of 
motion. Its lateral surfaces are distinguished by the 
absence of articular facets (for this bone articulates 
with no other of its series); the owfer presents a rough 
tubercle for the attachment of a muscley The 


j Extensor ossis metacarpi pollicis. 
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anterior and posterior surfaces appertain to the pro- 
longations of bone which ascend before and behind, 
from this extremity, to embrace the trapezium. 
These two processes deserve attention. The ante- 
rior is long and thin; the posterior is the shorter, 
thicker, and apparently the stronger, ofthe two. In- 
ferior. This extremity differs, in several respects, 
from the corresponding portion of the other meta- 
carpal bones. It is more extensive from side to side, 
than from before backward; its terminal surface is 
less convex, especially in the transverse direction ; 
and prolonged upward in front to form two little 
articular condyles, one on each side, which corre- 
spond to the two sesamoid bones of the thumb. 

293. SHaFT. The great width and the oblique 
position of the shaft of this bone have already been 
noticed. Its anterior line gives attachment to a mus- 
cle,k and is less distinctly marked than the lateral 
lines, each of which also attaches a muscle? The 
posterior surface is wide, and destitute of the bifur- 
cated ridge which the other metacarpal bones here 
present. 

294. DEVELOPMENT. This bone is developed by 
two ossific points; one for the shaft, the other for 
one of the extremities. But, whereas in all the rest of 
the series, it is the lower extremity which ossifies se- 
parately, inthis bone, on the contrary, the extra point 
occurs in the wpper extremity ; a character tending (as 
we shall presently find) to assimilate this bone to the 
phalanges. Ofthe remaining metacarpal! bones, the 


k Flexor brevis pollicis. 
7 The internal attaches the abductor indicis, and 
the external, the opponens pollicis. 
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third is the longest. The second, fourth, and fifth, 
diminish in length in the order of enumeration. (The 
first, as we have already observed, isthe shortest and 
thickest of the series.) They are further distin- 
gu'shed by peculiarities of form, almost exclusively. 
confined to their upper extremities, 


OF THE SECOND METACARPAL BONE, OR 
OS METACAERPI INDICIS. 


295. This is the longest bone of the series. Its 
carpaleaxtremity is prolonged upward, internally, and 
presents, before and behind, rough muscular impres- 
sions.m Its terminal surface is divided into three 
parts ; of which the middle is by far the largest, con- 
cave from side to side, and slightly convex from be- 
fore backward, for articulation with the trapezoid 
bone ; the outer is a flat quadrilateral facet, directed 
upward, outward, and forward, for articulation with 
the trapezium ; the inner is a narrow surface, directed 
upward and inward, for articulation with the os 
magnum. Internally, this extremity articulates by 
two flat facets, placed one before the other, with 
corresponding surfaces on the third metacarpal bone, 


OF THE THIRD METACARPAL BONE. 


296. UpPER EXTREMITY. Presents, at its external 
and posterior part, a strong pyramidal eminence, 
which, in the articulated hand, is seen extending 
upward behind the os magnum. ‘The carpal articu- 
lating surface is concave behind, and convex in front. 
It corresponds to the middle of the three divisions 


m For the flexor carpi radialis in front, the exten- 
sor carpi radialis longior behind. 
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of the inferior surface of the os magnum. Each 
dateral surface of this extremity presents two little 
articular facets (which are sometimes united so as to 
form a single surface) for articulation with similar 
facets on the adjacent metacarpal bones. Its poste- 
vior surface is marked with a small tubercle, which 
indicates the attachment of a muscle. 


OF THE FOURTH METACARPAL BONE. 


997. UppER EXTREMITY. The termizial surface is 
divided into two parts; an internal, large, slightly 
convex from before backward, plane transversely, and 
articulated with the unciform bone; an external, 
very small, flat, situated posteriorly, and articulated 
with the os magnum. Its owéer surface presents two 
oval facets, separated by a deep groove, and articu- 
lated to the corresponding facets on the third meta- 
carpal bone. Its imner aspect presents a narrow, 
concave, articular surface, which unites with a simi- 
lar one on the fifth metacarpal bone. 


OF THE FIFTH METACARPAL BONE. 


298. Upper EXTREMITY. Presents a terminal sur- 
face, convex from before backward, slightly concave 
from side to side, and directed a little outward, to 
articulate with the unciform bone; an outer surface, 
narrow, slightly convex, and articulated with the 
fourth metacarpal bone; an inner surface, marked 
with a rough tubercle, for the attachment of a 
muscle.o 

299, Bopy. fs remarkable for its posterior surface, 
oO oe Eo eee 

n Extensor carpi radialis brevior. 
o Extensor carpi ulnaris. 
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which, instead of the usual longitudinal bifurcated ~ 
ridge, presents a simple oblique line, running, diago- 

nally, from the inner side of the upper extremity, to 

the outer side of the lower. It is thus divided into. 
two parts, of which the outer is concave for the at- 

tachment of a muscle ;p while the immer (also the in- 

ferior, and the more extensive of the two) is smooth, 

flat, and covered by tendons.q 


OF THE METACARPUS IN GENERAL. 


300. The metacarpus, viewed collectively, consti- 
tutes a region of quadrilateral form, wider below than 
above, convex on the dorsal, concave on the palmar 
aspect. Its MECHANISM may be considered under 
two heads ; first, the relations of the metacarpus to 
the carpus, or the carpo-metacarpal articulations ; 
second, the mutual relations of its several bones to 
each other, or the intermetacarpal articulations. 

301. The carpo-metacarpal joints are formed, ge- 
nerally speaking, by the contact of slightly-curved 
surfaces, susceptible only of very limited gliding mo- 
tions on each other. But the articulation between 
the trapezium and the metacarpal bone of the thumb, 
is distinguished from the rest, as well by the pecu- 
liarity of its form, as by its superior mobility. Its 
articulating surfaces are alternately convex and con- 
cave, in opposite directions, so as mutually to em- 
brace and receive each other ; exemplifying a kind 
of joint which occurs in several parts of the skeleton, 
and may, perhaps, be conveniently distinguished by 
the name of reciprocal enarthrosis, ike the radio- 


y Fourth dorsal interosseous. 
q Extensors of the little finger. 
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carpal articulations, this joint possesses, in a limited 
degree, all the motions of an ordinary enarthrosis, 
except rotation ; which is obviously prevented by the 
configuration of the opposed surfaces. To the diver- 
sified motions of this joint, the great mobility of the 
thumb, and its power of opposition to the fingers (an 
action characteristic of the hand), are, in a great 
measure, to be ascribed. 

Of the remaining carpo-metacarpal articulations, 
two only are remarkable. The second presents a 
recess, formed by the trapezium, trapezoides, and 
magnum, into which the metacarpal bone of the index 
finger is received, and by which it is very firmly 
maintained in its position. The ji/th resembles the 
first in the double curvature of its articulating sur- 
faces ; and its motions, though far more limited in 
degree, are of the same kind. 

302. Theintermetacarpal joints are formed merely 
by the meeting of flat, lateral facets, on the upper 
extremities of the metacarpal bones ; they are speci- 
mens of the simplest form of arthrodia, or gliding- 
joint ; and their motions, being speedily checked by 
the neighbouring ligaments, are neither extensive nor 
important. 


OF THE FINGERS. 


303. The fingers are five jointed columns, of a 
conical form, articulated by their bases to the meta- 
carpal bones, and free in the rest of their extent. 
Each finger consists of three phalanges, distinguished 
from each other, as first, second, and third, or meta- 
carpal, middle, and terminul. The only exception 
to this rule occurs in the thumb ; in which the mid- 
dle phalanx is deficient, and the first articulates 
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immediately with the third; wherefore, viewed col- 
lectively, the fingers present a series of fourteen pha- 
langes, disposed in three horizontal rows, of which 
the first and third contain five bones each, the second 
only four. The phalanges of each row resemble one 
another, and differ from those of the two other rows. 
However, neither the difference nor the resemblance 
is so absolute, but that there remain, on the one hand, 
certain characters common to the whole series of 
phalanges, and, on the other, means of identifying, 
among its fellows, each individual member of either 
row. We have, therefore, to consider, in the first 
place, the characters of the phalanges in general; se- 
condly, the characters peculiar to the bones of the 
first, second, and third rows, respectively; and lastly, 
the means of distinguishing, and ranging in right order, 
the particular bones of each row. 


CHARACTERS COMMON TO ALL THE PHALANGES. 


304. The phalanges are bones of the class called 
eylindrical, and they, consequently, present for exa- 
mination, a body, or shaft, and two extremities. 

305. The extremities are more extensive in the 
transverse than in the antero-posterior diameter, 
convex behind, slightly concave in front, rough and 
tubercular on each side. The superior extremity 
exceeds the inferior in size ; it is of a somewhat cubi- 
cal form, and presents a concave terminal articu- 
lating surface, adapted to the convex extremity of 
the bone above. The inferior extremity, being arti- 
cular in the two upper rows, nonarticular in the third, 
is not susceptible of a general description. The shaft 
tapers, more or less, from above downward, and is 
eurved upon itself in the direction of its length, so 
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as to be convex posteriorly, concave in front. It 
presents an anterior and a posterier surface, separated 
by two lateral borders. Its surfaces are smooth ; the 
posterior is convex in both directions, and in relation 
with the extensor tendons; the anterior is concave 
longitudinally, in general also slightly hollowed from 
side to side, and covered by the flexor tendons. Its 
sides are rounded and prominent, for the attachment 
of ligaments.r The lateral borders are sharp and 
rough; they commence superiorly at the anterior 
corners of the cuboid upper extremity ; converge as 
they descend, in consequence of the tapering form of 
the bone; and terminate, below, at the sides of the 
inferior extremity. 


CHARACTERS DISTINGUISHING THE PHALANGES OF 
EACH ROW. 


306. First row. ‘The phalanges of this row are 
the longest and largest of the series. Their upper 
extremity is hollowed above by a shallow articular 
concavity, which receives the head of the correspond- 
ing metacarpal bone. This depression, being of an 
oval form, with its long diameter from side to side, 
is insufficient of itself to cover the head of the me- 
tacarpal bone, which is more extensive in the antero- 
posterior, than in the transverse diameter. But, in 
the recent subject, a glenoid ligament, of dense fibrous 
texture, is attached to the anterior border of this 
extremity, and prolongs the cavity upward and for- 
ward, supplying that portion of the socket in which 
the phalanx itself is deficient. A tendon is attached 


7 Lateral ligaments. 
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to each lateral surface, and another (occasionally) to 
the posterior aspect, of this extremity.s The lower 
extremity is terminated by a smooth, trochlear sur- 
face, which presents two lateral convexities, sepa- 
rated by a wide, shallow groove. This surface is 
prolonged further upward, its width is greater, and 
its convexities are more prominent, before than be- 
hind. The sides of the lower extremity present rough- 
ened depressions for the attachment of ligaments.¢ 
The shajt, in this, and in the following row, has the 
appearance of a cylinder, of which the anterior half 
has been removed by a longitudinal section, and the 
remaining portion curved a little on itself, and slightly 
grooved from above downward infront. The sur- 
faces and borders are accurately represented by the 
foregoing general description. The borders give 
attachment to the fibrous sheaths in which the flexor 
tendons run. 

307. SECOND row. The phalanges of this row are 
intermediate in size, as in position, between those of 
the first and third, Theyare distinguished from the 
former by the articular surface of the upper extre- 
mity, which presents two lateral depressions, sepa- 
rated by a smooth ridge, and corresponding to the 
little condyles of the phalanx above. In other re- 
spects their configuration exactly resembles that of 


s The lateral surfaces give insertion to the inter- 
ossei; the posterior surface attaches, in the thumb, 
the extensor primi internodii pollicis, and occasion- 
ally, in the remaining fingers, little slips given off 
by the tendons of the extensor communis digitorum. 

¢ Lateral ligaments. 
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the preceding row. They give attachment each to 
two tendons.z 

308. TairD Row. These little bones, which sus- 
tain the nails behind, and the sensitive pulp of the 
fingers in front, are immediately recognised by their 
small size, the rapidly-tapering form of the shaft, 
and the peculiar character of the nonarticular lower 
.extremity, which presents, anteriorly, a convex 
roughened surface, of a semilunar or horseshoe figure, 
bounded inferiorly by a serrated, semicircular mar- 
gin, that separates it from the posterior aspect, and 
constitutes the tip, or free termination, of the bone. 
The ends of this semilunar surface are directed up- 
ward, and [have sometimes observed them prolonged, 
in the form of little conical processes, about a line 
long, with free pointed extremities. The wpper ex- 
tremity of this phalanx is very Jarge in proportion to 
the lower; its circumference is remarkably tuber- 
cular, and presents in front and behind, rough ten- 
dinous impressions.» Its superior surface isan exact 


wu By their rough lateral borders to a bifurcated 
tendon of the flexor digitorum sublimis perforatus ; 
by the posterior surface of the upper extremity to 
the middle of the three slips, into which each tendon 
of the extensor communis digitorum divides. 

v In the thumb, the anterior surface of this pha- 
lanx gives attachment to the flexor longus pollicis ; 
the posterior, to the extensor secundi internodii pol- 
licis. In the other fingers, the anterior surface gives 
insertion to a tendon of the flexor digitorum profun- 
dus perforans; the posterior, to a conjoined slip 
formed by the two Jateral of the three portions into 
which each tendon of the extensor digitorum com- 
munis divides. 
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repetition of the corresponding articular aspect in 
the phalanges of the second row. 


MEANS OF DISTINGUISHING THE PARTICULAR 
PHALANGES OF EACH ROW- 


309. The phalanges of each row exactly resemble 
one another in form, and would be indistinguishable 
but for their difference in size. Their dimensions 
are proportionate to those of the fingers to which 
they belong. Thus, as the middle finger is the long- 
est of the fingers, so its phalanges are respectively 
the longest bones of the three rows. The ring-finger, 
fore finger, little finger, and thumb, follow the mid- 
dle finger, diminishing in length in the order of 
enumeration. The comparative width and thickness 
of the fingers is represented by the same order, 
except that the ring-finger and fore-finger. change 
places, and that the thumb stands first instead of 
last—its phalanges being at once the shortest and 
the stoutest of the series. 

Thus, then, the phalanges of each row are only 
known from one another by their relative dimeu- 
sions; and a comparison of the whole row is neces- 
sary for the identification of either one. 

310. In the recent subject, several phalanges are 
distinguished by the possession of special motors. 
Such are the phalanges of the thumb, of the index- 
finger, and of the little finger.w 
Joi sa NS oe ee ee 

w The extensor primi and secundi internodii pol- 
licis, and the flexor longus pollicis, are attached to 
the phalanges of the thumb, at points already indi- 
cated ; and besides these, the flexor brevis, abductor, 
and adductor poliicis, are inserted into the upper 
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311. Structure. The internal conformation of 
_ the phalanges resembles that of the cylindrical bones 
in general (248). DrveLorpment. Each phalanx is 
developed by two points of ossification, one for the 
body and lower extremity, the other for the upper 
extremity. The first appears early in foetal life, the 
second not until several years after birth. The two 
separately-developed portions unite between the 
eighteenth and twentieth year. ARTICULATIONS. The 
first phalanx of each finger articulates with the cor- 
responding metacarpal bones, the second and third 
articulate each with its predecessor. 

_ 812. Mecuanism. The mechanism of the fingers 
is simple. The metacarpo-phalangeal joints are 
enarthroses, capable of flexion, extension, abduction, 
adduction, circumduction, and, in a very limited de- 
gree, of rotation. Flexion may be continued till the 
articulating bones form aright angle with each other; 
extension can be carried only a few degrees beyond 
the right line ; abduction and adduction are interme- 
diate in point of freedom between flexion and exten- 
sion; the scope of circumduction may be inferred 
from that of its constituent motions ; rotation is very 
obscure and limited. The interphalangeal joints are 
of the class called ginglymoid; they enjoy hingelike 
motion in a single plane, flexion to a right angle, ex- 
tension to a right line. Their motion is steadied, 


extremity of its first phalanx. The index and little 
finger possess, each of them, a special extensor, which 
unites its tendon to that of the common extensor; 
and the little finger is furnished also with a short 
flexor, and a short adductor, attached to the superior 
extremity of its first phalanx. 
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and their liability to dislocation diminished, by the 
reception of a central ridge on the lower surface into 
a corresponding groove of the upper; and of two la- 
teral convexities of the upper, into depressions of 
similar form and dimensions, hollowed on the lower. 


OF THE HAND IN GENERAL. 


313. Thefunctions of the hand, though for the most 
part matters of common experience, assume a new 
interest when considered in connexion with its ana- 
tomical structure. Their number and variety, con- 
trasted with the simplicity of the mechanism by which 
they are performed, illustrate the characteristic tend- 
ency of nature to produce, by the simplest possible 
means, the most numerous and diversified possible 
results. Guided by this general truth, and bearing. 
in mind the foregoing anatomical descriptions, let us 
review some of the ordinary actions of the. hand, 
Compare, for instance, the light and gently-varied 
compression with which it confines a fluttering bird, 
to the firm and unrelaxing hold with which it grasps 
a warlike weapon, or wields some heavy tool. Con- 
sider the swiftness of its movements in following a 
speaker with the pen; their variety in loosening a 
tangled knot; their nicety and precision in passing a 
thread through the eye of aneedle. How steadily 
it guides the edge of the scalpel in a critical opera- 
tion of surgery ; with what singular truth it shapes 
the course of the schoolboy’s marble, or adjusts his 
arrow to its mark! Nor are these the most wonder- 
ful of its performances. Trained to the juggler’s 
sleight, its joints become yet nimbler and more pliant. 
Its evolutions, in the practice of several mechanical 
arts, are swifter than the eye can follow, of unerring 
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regularity, independent of the guidance of vision, and 
productive of the most surprising results. In the 
- musician, the Statuary, the painter, it becomes the 
minister of more subtle volitions, and a higher in- 
Stinct; in them, accordingly, it acquires still greater 
freedom and fluency of motion, a yet more exquisite 
refinement and fidelity of touch. In the orator it 
assumes a new character, and functions of an entirely 
different order. For him, it isa powerful organ of 
expression, an indispensable auxiliary to speech. 
Accompanying, with significant gestures, the 
thoughts and emotions of the mind, it becomes 
the visible exponent of its secret workings,—the 
tongue, s0 to speak, of a language common to all 
mankind, Bring together the wandering Arab—the 
red warrior of the American forests—the feathered 
barbarian of Africa—the civilised European. Which 
of them will mistake the meaning of a hand, 
clenched in anger, or shaken in defiance; stretched 
abroad in the attitude of command, or raised to hea- 
ven insolemn attestation; waved triumphantly above 
the head, or pointing the finger of scorn ; beckoning, 
to summon attendance ; barring the lips, to enjoin 
Silence; calmly extended in benediction; flung 
wildly forth in despair; covering the face in shame; 
wrung in the bitterness of grief; spread, shuddering, 
in horror; folded tranquilly in the act of prayer ? 
Our limits forbid us to pursue this subject, or to 
multiply illustrations. We will select, for our con- 
cluding example, a function of the hand, which stands 
in strong contrast to all that have gone before, and 
furnishes a new proof of the remarkable versatility of 
its powers. This delicate organ— capable, as we have 
seen, of moving with the speed and precision of 
AA 
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clockwork—may be doubled to form a weapon of 
offence, and employed, in the manner of a bludgeon, 
to give heavy blows, or to repel the strokes of an 
assailant. These violent concussions it sustains un- 
injured ; eluding their force by its elasticity ; and re- 
turning, with unimpaired activity, to the operations 
of the lathe or the loom. 


OF THE LOWER EXTREMITY. 


314. We have already had occasion to ob- i 
that in the lateral segments of the lower jaw, the pre- 
hensile appendages of the thorax, and the pair of 
limbs attached to the pelvis, the transcendental ana- 
tomists trace the threefold repetition of a common 
type, subject to such modifications of size and form as 
are necessary to fit it, in each instance, for the per- 
formance of special functions. These analogies are 
overlooked, or denied, by descriptive anatomists, s0 
far asthe jaw is concerned ; but the similarity between 
the thoracic and pelvic extremities, is so striking, 
that their relation to a common standard is now uni- 
versally recognised. Thus the thigh, leg, and foot, 
in the inferior extremity, correspond to the arm, 
fore-arm, and hand, in the superior ; while the daunch, 
articulating with the ¢high, is strictly analogous to the 
shoulder, which supports the arm. And, as the re- 
gions of each limb have their respective analogies in 
the other, so have also the subdivisions of each re- 
gion—so have the bones of each subdivision—so have 
even the principal lines and processes of each several 
bone. So far as the admission of descriptive anato- 
mists extends, the consideration of these analogies 
falls within the plan of the present treatise. A com- 
parative review of the thoracic and pelvic extremities 
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will, accordingly, be found in the concluding section 
of this chapter. Meanwhile we shall proceed to de- 
scribe, in succession, the three regions enumerated 
above ; viz., the zhigh, the leg, and the foot ; referring 
the student to the fourth chapter (192—206) for a de- 
scription of the haunch, and for an account of its true 
relations. 


OF THE THIGH. 


315. The thigh is formed by a single bone, called 
the femur. 


OF THE FEMUR. 


316. Transmitting the entire weight of the trunk 
from the haunch to the tibia, this bone is the largest, 
heaviest, and strongest, not only of the limb to which 
it belongs, but of the whole skeleton. Jt presents a 
general curvature in the longitudinal direction, ren- 
dering it convex in front, concave on the opposite 
aspect. In the natural position it inclines from 
above downward and inward, approaching its fellow 
at the lower extremity, but being separated from it, 
above, by the whole width of the true pelvis. This 
inclination is increased by the conformation of the 
superior extremity, which presents an elongated 
neck, intervening obliquely between the head and 
the shaft, so as to throw the summit of the latter stil] 
farther outward from the median line. The student 
should regard the bone in an articulated skeleton, so 
as to acquire a general notion of its form and posi- 
tion, before proceeding to the separate examination 
of its extremities and shaft. 

317: SUPERIOR EXTREMITY. Presents for examina- 
tion a head, a neck, two trochunters, the greater and 
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the smaller ; a line connecting the trochanters, called 
the intertrochanteric line ; an eminence which may be 
denominated the tubercle of the femur ; and a ridge, 
which, fromits winding course, I propose to designate 
the spiral line of the femur. ‘These objects have the 
following relative position. The head is supported 
on the summit of the zeck, which stands inward at an 
obtuse angle from the shaft, and is bounded at its 
base, above by the ¢rochanfer major, below by the 
trochanter minor, behind by the intertrochanteric line, 
in front by the ¢ubercle of the femur, and by the upper 
part of the spiral line. Heap. A smooth ball, of very 
regular form, somewhat more than hemispherical, 
directed upward, inward, and a little forward, for 
articulation with the acetabulum. It is separated 
from the neck by a sinuous line. Its surface is every- 
where covered with cartilage, except at a point just 
behind and below its centre, where it presents a 
rough depression for the attachment of a ligament.r 
Neck. A strong, pyramidal process, directed upward, 
inward, and a little forward, from the body, so as to 
form with it an obtuse angle of about 125°. It is flat~ 
tened from before backward, so that its greatest 
strength is in the vertical direction; joined to the 
shaft by its base, to the head by its summit; and con- 
tracted alittle in the middle ofits length. Its supe- 
yior border is wide and short, perforated with large 
and numerous vascular foramina, and limited exter- 
nally by the trochanter major. Its inferior border is 
longer and narrower than the superior, and curves a 
little backward below, to terminate at the trochanter 
minor. Its anterior and posterior surfaces present 
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x Ligamentum teres of the hip-joint. 
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no remarkable features for notice. The posterior is 
the longer, smoother, and more concave of the two; it 
is bounded below by the intertrochantericline. The 
anterior is less even, perforated with a larger number 
of nutrient foramina, and bounded below by the ¢u- 
bercle, and the oblique line, of the femur. The whole 
of the neck is enclosed within the capsular ligament of 
the joint, which is attached around its base. T'Ro- 
CHANTER MAJOR. A large quadrilateral eminence, 
occupying the truncated angle formed by the junction 
of the upper border of the neck with the outer side of 
the shaft. It rises above the level of the neck, in a 
continuous line with the body, of which it appearsa 
vertical prolongation. It is flattened from side to 
side, so as to present an internal and an external sur- 
face, separated by four borders. - But the trochanter 
major is joined to the rest of the bone at its anterior 
and inferior part, and only projects as a free emi- 
nence above and behind. Hence, while the superior 
and posterior borders are ¢rue borders, forming by 
their union a prominent angle, the anterior and infe- 
rior borders are mere dimes, separating the outer 
aspect of the trochanter from the adjacent surface of 
the shaft. This trochanter should be studied mi- 
nutely, because it gives attachment to several large 
and important muscles. Surraces. Eaternal, Con- 
vex, quadrilateral, and divided into two triangular 
portions, by a rough dine, which runs diagonally from 
its posterior-superior, to its anterior-inferior corner. 
The diagonal line gives attachment to a flat tendon.y 


y Gluteus medius. (Sometimes, when this muscle 
is well developed, the fibres of its tendon are attached, 
not only to the diagonal line,but to the surface above it.) 
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The triangular surface above the line is covered by 
this tendon, which glides upon it by the intervention 
of a synovial bursa. The surface below the line is 
smooth, and covered with a synovial sac, to permit 
the free gliding of another tendon.z Internal. The 
anterior-inferior part of this surface is continuous 
with the rest of the bone; the posterior-superior por- 
tion is free, and hollowed by a rough depression, called 
the digital, or trechanterie fossa, which gives attach- 
ment to four muscles.a Borpers. Superior. A thick, 
free edge, nearly horizontal, and marked with the 
impressions of two tendons.) Inferior. A rough 
line, which runs parallel to the superior border, sepa- 
rating the outer surface of the trochanter from the 
corresponding aspect of the shaft, and attaching 
the upper fibres of a large muscle.c Posterior. A 
vertical border, presenting a free, rounded edge, 
which forms the posterior lip of the digital fossa. 
Anterior. An irregular line, running parallel to the 
posterior border, and usually more prominent above 
than below. ANGLES. Of the four angles formed by 
the junction of these borders, only one, the swperior- 
posterior, requires particular description. It is a 
free, prolonged angle, curved a little inward, so as 
to overhang the digital fossa, and giving attachment 
to part of a tendond TxocHANTER MINOR. An 
epiphysis of pyramidal form, situated at the inner 


z Gluteus maximus. 

a Which, enumerated from above downward, are 
gemellus superior, obturator internus, gemellus infe- 
rior, obturator externus. 

b Pyriformis behind, gluteus minimus in front. 

e Vastus externus. - ‘d Pyriformis. 
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aud posterior part of the bone, just where the lower 
_ border of the neck joins the shaft. It is directed in- 
ward, backward, and a little downward. Its summit 
is rough, and gives insertion to atendon.e It has 
three borders, a superior, joining the lower border of 
the neck ; a posterior, continuous with the intertro- 
chanteric line ; an inferior, in which the inner branch of 
the linea aspera (320) terminates. Its surfaces present 
no remarkable features ; the posterior is smooth, and 
covered, in the recent subject, with a bursa, to permit 
the free gliding of a muscle,f TUBERCLE OF THE 
Femur. A well-marked apophysis, often of consider- 
able size and prominence, situated on the anterior 
aspect of the bone, at the base of the neck, internal 
to the trochanter major. It is the meeting-point of 
three muscular insertions.g Between this tubercle 
and the anterior border of the great trochanter, there 
isa triangular concave surface, covered, in the recent 
subject, with a bursa, to permit the gliding of a ten- 
don.zh The surface is sometimes described as the 


e United tendon of psoas magnus, and iliacus in- 
ternus. 

JF Quadratus femoris. 

g Vastus externus, and crureus, below; gluteus 
minimus above. 

h Gluteus medius. (Bourgery makes this surface 
the place of insertion of the gluteus minimus, which 
Cruveilbier describes as attached to the upper border 
of the trochanter major, and to the line extending 
from that border to the tubercle. I have seen two 
instances in which the insertion of this muscle agreed 
with Bourgery’s description; but its attachment gene- 
rally coincides with the account given by Cruveilhier.) 
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anterior aspect of the trochanter major. It is sepa- 
rated from the shaft by a line, which runs downward 
and outward from the tubercle, and joins the lower 
border of the trochanter major forming with it the 
superior limit of the attachment of a large muscle. 
INTERTROCHANTERIC LINE. A distinct ridge, passing 
from the posterior-inferior angle of the trochanter 
major, downward and inward to the trochanter 
minor. It runs along the base of the neck, forming 
the inferior boundary of its posterior surface, and 
giving attachment to part of a ligament.2 SpmIRAL 
LINE. Commences at the tubercle of the femur, runs 
from thence obliquely downward and inward along 
the base of the neck, passes beneath the trochanter 
minor, winds spirally across the internal surface to 
the posterior aspect of the bone, and there terminates, 
by falling upon the linea aspera (320). Above the 
level of the trochanter minor it is rough, separates 
the anterior surface of the neck from the correspond- 
ing aspect of the shaft, attaches part of a ligament,t 
and forms the upper boundary of the origin of a large 
muscle.k Below the level of the trochanter minor 
it is less prominent, and gives attachment to the 
upper fibres of another muscle. 7 

318. INFERIOR EXTREMITY. This extremity is of 
a cuboid form, and has a terminal articulating sur- 
face of remarkable extent. It is larger than the su- 
perior extremity; more extensive in the lateral than 
in the antero-posterior diameter ; wider behind than 
before. It presents two lateral condyloid eminences, 
of an oblong form, flattened from side to side, project- 


a Capsular. k Crureus. 
? Vastus internus. 
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‘Ing considerably behind, where they are separated 
by a deep notch, slightly prominent also in front, 
where they are continuous with each other and with 
the shaft of the bone. These two processes are 
called the condyles of the femur; and the interval 
between them is the intereondyloid notch. The ez- 
ternal condyle projects further forward than the inter- 
nal. It is also somewhat more extensive, both in the 
antero-posterior, and in the transverse diameter. 
The internal condyle, on the other hand, is more pro- 
minent laterally, and descends lower than its fellow; 
so that when the bone stands on a level surface, its 
upper extremity is thrown outward from the vertical 
line. The condyles are not parallel to each other. 
The long axis of the external condyle runs directly 
backward, that of the internal condyle runs obliquely 
backward and inward. Notwithstanding these dif- 
ferences, the condyles present a strong general re- 
semblance to each other, and are susceptible, toa 
great extent, of a common description. Thus, the 
inferior surface of each condyle is convex, and rests, 
during extension of the leg, in a shallow cavity 
formed partly by the tibia, partly by one of the fibro- 
cartilages of the knee-joint. The posterior extremity 
of each condyle presents a smooth convexity, conti- 
nuous with the inferior surface, and received, during 
flexion of the leg, into the same cavity, which supports 
that surface during extension. The anterior extremity 
of each condyle is smooth and articular. The two 
anterior extremities form, by their union, a ¢rachlear 
surface, on which the patella, or knee-pan, glides. 
This trochlear surface presents a median vertical 
groove, and two lateral convexities. The groave 
extends downward and backward, as far as the inter- 
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condyloid notch. Of the convezities, the external is 
more prominent, wider, and prolonged further up- 
ward than the infernal. Of the lateral surfaces of 
the condyles, two are opposed to each other, and form 
the lateral boundaries of the intercondyloid notch. 
These are the inner surface of the external condyle, 
and the outer surface of the internal condyle. They 
are small surfaces, equal in extent, each concave and 
rough for the attachment of a ligament.m The two 
remaining lateral surfaces are much more extensive, 
and present each a considerable eminence for muscu- 
lar and ligamentous insertion. These eminences are 
called the tuberosities of the femur. The internal 
tuberosity is situated on the inner surface of the in- 
ternal coudyle. Itis a large convexity, rough for the 
attachment of a ligament,z and surmounted by a 
small, but very distinct twbercle, which indicates the 
inferior limit of the insertion of a large muscle.o 
Immediately behind this tubercle, upon the upper 
aspect of the inner condyle, there is a rough depres- 
sion, which gives origin to atendon.p The external 
tuberosity projects from the outer surface of the ex- 
ternal condyle. It is smaller and more angular than 
the internal; it presents, just behind its most promi- 
nent point, a distinct rough depresszon, for the at- 
ei a, ee a a ee ee 

m The inner surface of the external condyle gives 
attachment, by its posterior part, to the anterior cru- 
cial ligament; the outer surface of the internal con- 
dyle gives attachment, by its anterior part, to the 
posterior crucial ligament. 

n Internal lateral ligament of knee-joint. 

o Adductor magnus. 

p Internal head of gastrocnemius. 
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tachment of a tendon.g Thistuberosity also attaches 
aligament.r Below it there is a groove which com- 
mences ata point vertically under the centre of the 
tuberosity and from thence runs obliquely backward 
and upward, to the posterior extremity of the con- 
dyle. At the anterior extremity of this groove there 
is a rough impression which gives origin to a tendon.s 
The groove itself is smooth, covered with cartilage 
in the recent state, and designed for the reception of 
the tendon just mentioned, during extreme flexion of 
the leg. The inferior lip of this groove is also smooth, 
and covered with cartilage, to permit the free gliding 
of the same tendon. Such are the objects presented 
by the condyles. The ixtercondylotd notch is a space 
bounded, laterally, by surfaces of the condyles already 
described, and in front, by the lower extremity of the 
shaft. It is open above, below, and behind, and it 
lodges a pair of ligaments that are attached to its 
sides.¢ Thelower extremity of the femuris perforated 
with many nutrient foramina. These are especially 
large and numerous at the bottom of the intercondy- 
loid notch. 

319. Smarr. The shaft of the femur is the most 
perfect realisation of the cylindrical type, that the 
human skeleton presents. Itis, indeed, somewhat 
expanded and flattened at its extremities, and 
strengthened behind by a prominent longitudinal 
ridge; but, excepting these modifications, it isa cy- 
linder of almost perfect regularity, presenting a 


q External head of gastrocnemius. 
y External lateral ligament of knee-joint. 
s That of the popliteus. 
t Crucial (seenote m, page 362). 
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smooth rounded surface, uninterrupted by ridges or 
impressions of any kind. ‘he whole of this smooth 
surface is covered by the large muscular masses which 
serve to extend the leg; and the description of the 
shaft mainly consists in an account of its relations to 
these muscles. In pointing out these relations, how- 
ever, it is necessary to speak of the anterior, internal, 
and external aspects of the shaft ; and for the precise 
application of these terms, two daferal lines are re- 
quired, in addition to the posterior ridge. For this 
reason, anatomists select two distinct lateral emi- 
nences of the upper, and two of the lower extremity ; 
and, between these points, trace two imaginary lines 
along the sides of the shaft. When the terminal points 
are well marked, this artificial subdivision is suffi- 
ciently definite for practical purposes; and tt is in 
this sense only that the student can with propriety be 
directed to look for lateral lines, and separate surfaces, 
on the body of this bone. We have already had occa- 
sion to notice the inclined position of the shaft of the 
femur, as also itslongitudinal curvature (316). We 
may here add that its lower extremity is flattened 
more than the upper, and in a different plane. The 
upper extremity is flattened from before backward 
and inward ; the lower, from hefore directly backward. 
Hence that appearance of the shaft to which authors al- _ 
lude, when they speak of it as ¢wisted on its long axis. 
320. Lines. Posterior, or Lineu aspera. This line ap- 
pears, in the middle third of the shaft, as a longitu- 
dinal rib, or crest, having two elevated lips, separated 
by a rough, depressed interval. Above, and below, its 
lips diverge from each other, forming the superior, and 
inferior, bifurcations of the linea aspera. Of the su- 
pertor bifurcation, the ower branch is the rougher, 
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and ascends almost vertically to the base of the tro- 
chanter major; the zner branch, shorter and less 
distinctly marked, passes to the lower border of the 
trochanter minor. These branches are separated by 
a triangular smooth space, covered, in the recent 
subject, by two muscles. In the middle of this 
space there is an indistinct vertical line, called the 
linea quadrata, which commences at the posterior 
inferior angle of the trochanter major, runs down- 
ward for about two inches, and gives insertion toa 
muscle.w Of the inferior bifurcation, the outer 
branch is the more prominent, and runs to the sum- 
mit of the external tuberosity ; the inner branch is 
interrupted, in the middle of its course, by a smooth 
space for the passage of an artery ;w it terminates 
at the little /ubercle, by which the internal tuberosity 
is surmounted (318). The branches of the inferior 
bifurcation are somewhat longer, and more widely 
separated, than those of the superior. The triangular 
surface which they include, is called the popliteal 
space of the femur. Inthe recent subject, it is tra- 
versed by a large nerve and vessels,x and corresponds 
to the region of the thigh, called the ham. It pre- 
sents, laterally, two rough oblong impressions, situ- 
ated just above the condyles, close to the boundary- 
lines, and serving for the attachment of aponeurotic 
fibres.y The linea aspera gives attachment, in its 


uw Quadratus femoris, and a few fibres of adductor 
magnus. » Quadratus femoris. 

w The femoral, which at this point takes the name 
of the popliteal. 

x Popliteal. 

y Belonging to the two heads of the gastrocnemius. 
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whole length, to numerous muscles.z It is perforated 
opposite the middle of the shaft by the medullary 
foramen, which enters the bone obliquely upward. 
External. This line is traced from the anterior infe- 
rior corner of the trochanter major, to the prominent 
anterior extremity of the external condyle. It se- 
parates the anterior from the external surface, and 
gives attachment to muscular fibres. Internal. 
This line commences at the spiral line, opposite the 
level of the trochanter minor, and terminates, below, 
at the anterior extremity of the internal condyle. 
Its upper extremity appears, in well-marked speci- 
mens, as a vertical ridge which descends two or 
three inches, and then disappears. Elsewhere, 
the internal line, like the external, is a mere 
conventional boundary, not really distinguishable 
fromthe anterior and internal surfaces, which it is 


z The vastus internus is attached to the inner lip, 
and the vastus externus to the outer lip, in their 
whole length. The adductor magnus is also attached 
to the whole length of the linea aspera, taking hold 
of its outer branch above, its inner branch below. 
Between the adductor magnus and the vastus exter- 
nus, two muscles are attached; viz., the gluteus 
maximus to the outer branch of the superior bifur- 
cation, the short head of the biceps to the interval 
between the lips, lower down. Between the adduc- 
tor magnus, and the vastus infernus, three muscles 
are attached; viz., the pectineus to the inner branch 
of the upper bifurcation, the adductor brevis, and the 
adductor longus, to the interval between the lips, 
lower down. 

a Of the crureus. 
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said to separate. It gives attachment to muscular 
fibres. 

321. SURFACES. Anterior. This surface lies between 
the lateral lines just described. It looks forward anda ~ 
little outward above, directlyforward below, is narrow 
and convex in the middle, expanded and somewhat 
flattened at its extremities. It is covered by a 
“muscle,c which takes origin from its upper three- 
fourths, and glides, by the intervention of a synovial 
bursa, upon its lower fourth. Ezternal. Bounded, in 
front by the external lateral line, behind by the outer 
lip of thelinea aspera. It is continuous, above, with 
the outer surface of the trochanter major, below, 
with the corresponding aspect of the external con- 
dyle. It is covered in its whole length by a muscle,d 
to the fibres of which it gives origin by its upper 
three-fourths. Inzernal. Lies between the inner 
lip of the linea aspera, and the internal lateral line. 
It is continuous, above, with the lower border of the 
neck, below, with the inner surface of the internal 
condyle. It is smooth, and covered by a large muscle, 
to the fibres of which, however, it does not give 
origin.e 

322. SrrucTuRE, As in form, so in structure, the 
femur is the most perfect specimen of its class, that 
the human skeleton furnishes. The internal con- 
formation of the cylindrical bones has already been 
described (248). It is usually added, with regard to 
the femur, that the elevated ridge of the linea as- 
pera is formed of apeculiarly dense, ivory-like tissue. 
But upon examining, with a microscope, transverse 


6 Of the crureus. e Crureus. 
d Crureus. e Vastus internus. 
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sections of the femur, I have not been able ta per- 
ceive any such difference in the quality of the bone ; 
the whole surface, as far as I can judge, is equally 
compact. 

The arrangement of the cancellous tissue in the 
ends of the femur is very remarkable ; and, as it 
illustrates the general mechanical principles which 
determine the structure of this tissue throughout the 
skeleton, it should engage our particular attention. 
In the lower extremity of the bone, it consists of 
numerous slender columns, which spring on all sides 
from the interior surface of the compact cylinder, 
and descend, converging towards each other, so as to 
form a series of inverted arches, adapted, by their 
pointed form, to sustain concussion or pressure trans- 
mitted from below. These converging columns not 
only meet, but decussate each other ; and they are 
further strengthened by innumerable connecting 
filaments and lamin, which cross them in all diree- 
tions, so that no single arch could break without 
those in its neighbourhood also giving way. Hence, 
notwithstanding the tenuity and brittleness of each 
several fibre, the reticular structure possesses great 
strength as a whole. I have endeavoured by the 
following experiment to obtain some notion of its re- 
sisting force. A cubical inch of cancellous tissue was 
cut from the centre of the external condyle of an adult 
macerated femur, and subjected to gradually increas- 
ing pressure, with the following results. It sustained 
four hundred weight without sensible alteration ; sank 
a little on one side upon the addition of the next 
half hundred weight; and continued to yield upon 
every further increase of pressure ; 80 that, when the 
weight amounted to 6 cwt., its height was reduced to 
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half-an-inch. This reduction, however, took place 
entirely at the expense of the upper portion of the 
cube ; its lower moiety, which presented a much 
closer texture, bore the whole pressure of 6 cwt. 
without visible alteration. The weight of the cube 
submitted to this trial-was 54 grs. troy. It was 
placed during the experiment in the natural position, 
with its principal fibres upright. The side on which 
the cube first gave way, corresponded to the outer 
and posterior part of the condyle ; and its structure 
was here evidently looser and more fragile than on 
the side which, in the natural position, had lain 
nearest to the axis of the bone. In Mr. Rennie’s 
experiments on the strength of woods, a cubic inch of 
solid elm was crushed by 1284]bs. avoirdupois—about 
24 times the weight beneath which the cube of 
reticular tissue began to yield. This comparison 
may assist the reader in forming a just estimate of 
the strength of the reticular tissue. 

The cancellous tissue in the upper extremity of 
the shaft presents a similar arrangement—the con- 
vexities of the arches being here, however, directed 
upward, 

The structure of the neck is shown at fig. 1 in 
the subjoined diagram. It resembles in its mechani- 
cal principles a bracket of the kind represented in 
fig. 2, in which a@ is the principal support, and b a 
cross piece tying @ to the wall or column which sus- 
tains the whole. It is evident that the piece a con- 
tributes by its rigidity, and the piece b by its tenacity, 
to the support of the weight; in other words, that 
the weight tends to bend the former, and to stretch 
the latter. Referring to fig. 1 (in which the direc- 
tion of the principal fibres is shown with fictitious 

BB 
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distinctness,—the cross filaments, &c. being purposely 
omitted) we find the pieces 4 and of the bracket 
respectively represented by the sets of bony fibres 
marked aa and b 6. 


The fibres a a are inclined columns supporting the 
epiphysis of the head cc, and resting below upon the 
thick under wall dof theneck. The transverse fibres 
b b decussate the columns aa, and tie them to the thin 
upper wall e of the neck, andto the arch-work ffofthe 
upper extremity. The middle of this arch-work pre- 
sents a column of more condensed tissue, indicated 
by the shaded portion f in the diagram: this results 
partly from the decussation of the convergent fibres, 
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partly from the presence of several bony canals for 
the reception of nutrient vessels, that here descend 
vertically into the bone through orifices in the upper 
wall of the neck. The interval g (which obviously 
corresponds to the interval g between the parts a 
and 6 of the bracket, Fig. 2) is filled with a loose 
reticular tissue, presenting no determinate nor uni- 
form arrangement. A tissue of similar character 
occupies the spaces marked #. The trochanter 
major z contains a pretty close tissue, the principal 
fibres of which run longitudinally, and present traces 
of the arched construction. DEVELOPMENT. By three 
principal ossific centres, one for the body, one for each 
extremity ; and by two secondary poiuts, for the two 
trochanters. The ossific point of the shaft appears be- 
tween the thirtieth and fortieth day of foetal life ; that 
of the lower extremity, within the last fifteen days of 
the period of gestation.f This extremity of the femur 
is remarkable as being the only epiphysis in which 
ossification commences before birth. And as itis the 
first of all the epiphyses to ossify, so(in accordance with 
the general law, that epiphyses unite with the shafts 
of the bones in the inverse order of their ossification) 
it is the one which remains longest a separate piece. 
The ossific centre of the upper extremity appears, a 
year after birth, in the head (the neck being a pro- 
longation of the shaft, not a part of the superior 
epiphysis). The greater trochanter begins to ossify 
at three or four years of age; the lesser trochanter, 


f Hence the existence of this point in a still-born 
foetus, enables us to pronounce with certainty upon 
its age; a point which, in many cases of medical 
jurisprudence, it is of importance to determine. 

BeBe 
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at thirteen or fourteen. It is not till twenty years of 
age that the junction of all these pieces to the shaft is, 
complete, and that the femur attains perfect ossific 
continuity. ARTICULATIONS. By its head, with the 
os innominatum ; by its inferior extremity, with the 
patella in front, and with the tibia, and the meniscig 
of the knee-joint, below. 

393. VARIATIONS OF ForM IN TBE FEMUR. The 
femur is one of those bones the form of which is in- 
fluenced in a remarkable degree by difference of age 
and sex. Thus the angle formed by the neck with 
the body approaches more nearly to a right angle in 
the female than in the male, and in the old subject 
than in the adult. The length of the neck has also 
been observed to diminish with advancing years, So 
that the head gradually sinks below the level of the 
trochanter major, and approaches the shaft, to which, 
in extreme old age, it becomes absolutely contiguous. 
These changes, however, are not so constant as 
Cloquet and other anatomists would seem to repre- 
sent them ; for in examining the thigh-bones of very 
old subjects in the dissecting-room, I have found 
many entirely free from the above-described pecu- 
liarities, and iudistinguishable, in respect to form, 
from the femur of the well-formed adult. Benjamin 
Bell, indeed, who first drew attention to the process 
of interstitial absorption upon which these progressive 
metamorphoses depend, describes it not asa healthy 
action natural to the senile period of life, but rather 
as an abnormal process incident to a debilitated or 
otherwise morbid condition of the economy in par- 
ticular individuals. 


g Called the internal and external semilunar fibro- 
cartilages. 
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_ 324. Our observations on this subject will have 
reference, Ist, to the structure and mechanism of the 
hip-joint; and 2dly, to the inclination of the neck 
of the thigh-bone, and the compensating obliquity of 
its shaft. 

The articulation of the hip may be regarded as the 
type of the enarthrodial, or ball-and-socket joint. The 
acetabulum, though not quite hemispherical in the dry 
bone, presents, in the recent subject, a figure some- 
what exceeding the moiety of a sphere; its cavity 
being deepened, and its orifice contracted, by a fibro- 
cartilaginous brim, called the cotyloid ligament, which 
embraces and firmly retains the head of the femur. 
The air is entirely excluded from between the polished 
contiguous surfaces of this joint, so that their separa- 
tion from each other is resisted by an atmospherical 
pressure of 15lbs. for every square inch of their 
extent. This fact has long been known in the English 
schools, though the brothers Weber appear to claim it 
as their discovery, in their recent publication entitled 
Mechanik der Menschlichen Gehwerkzeuge.h 


h Dr. Todd informs me that the contiguous sur- 
faces of the shoulder-joint are held together in a simi- 
lar manner by atmospheric pressure. He has ascer- 
tained by experiment that so long as the capsule of 
the shoulder-joint remains air-tight, the head of the 
humerus is retained within the glenoid cavity of the 
scapula ; but that, upon cutting open the capsule so 
as to admit air into the joint, the two bones immedi- 
ately separate from each other. The same effect 
takes place without perforation of the capsule, when 
the atmospheric pressure on the external surface of 
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The hip-joint, like all enarthroses, possesses move- 
ments of flexion and extension, abduction and adduc- 
tion, rotation andcircumduction. Of all these motions, 
that of flexion is by far the most important and ex- 
tensive. It can be continued till the front of the thigh 
touches the anterior surface of the abdomen. Ezxten- 
sion, on the contrary, can be carried but a few degrees 
beyond the right line, being checked by the contact of 
the posterior surface of the neck of the femur with the 
outer side of the brim ofthe acetabulum. Abduction 
is more extensive than the last; itis limited by the 
striking of the upper border of the neck of the femur 
against the upper part of the brim of the acetabulum. 
Adduction is a movement of small extent when the 
skeleton is in position ; being stopped, almost at the 
outset, by the encounter of the femur which is put in 
motion with the corresponding bone of the other 
side. Butif aclear space be afforded by flexing 
the opposite limb, adduction may be carried to an 
angle of about 45 degrees. Here it is checked, in the 
recent subject, by the tension of the external liga- 
ments of the hip joint. In the macerated skeleton, 
however, this movement may be continued till the 
femur lies horizontally beneath the pelvis. The 
femur may also be made to cross its fellow, by com- 
bining adduction with a slight movement of flexion 
or extension; the limb put in motion passing, in the 
former case before, in the latter case behind, the 
opposite extremity. The motion of circumduction 
its edie go eRe eee 2 a 
the joint isremoved by means of an air-pump. These 
tests are only applicable to joints having a loose cap- 
sule; but it is. probable that the pressure of the air 
contributes more or less to the maintenance of union 
in all the diarthrodial articulations. 
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requires no particular notice; that of rotation will 
be more readily understood when we have briefly 
noticed the inclination of the shaft of the femur, and 
the angular disposition of its head and neck. The 
purpose and meaning of this double obliquity of the 
thigh-bone appear to have been very generally mis- 
understood by physiologists. The explanation most 
commonly received is that advanced by Sir Charles 
Bell, in his well-known treatise on Animal Mechanics. 
This eminent physiologist compares the obliquity of 
the neck of the thigh-bone to the inclination of the 
spokes in a cart-wheel, technically termed the dish- 
ing of the wheel. Fig. ¥: 
He conceives that 
when acartstands 
on a horizon- 
tal plane (Fig. 
1), so that the 
weight is equally 
divided between 
the two wheels, 
the bearing- 
spokes of each 
wheel are oblique 
to the line of pres- 
sure; but that, |= 
when the cart| 
stands on theside | 
of a hill (Fig. 
2), so that more 
weight is thrown 
upon one wheel 


| 


than upon the & 
other, the bearing-spoke of the more heavily-laden 
wheel becomes parallel to the line of pressure, and 
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is thus adapted to support the increased strain. In~ 
the same manner, he supposes the necks of the thigh- 
bones to be inclined outwards when we stand erect, in 
order that when we throw our weight upon one leg, the 
neck of the corresponding femur may approach the 
vertical position, and so sustain without injury the 
accumulated pressure of the trunk. 
To this comparison, however, it may be objected 
that the inclination of the spokes in a wheel is coun- 
teracted by an equivalent inclination (a a, Fig. 3) 
of the axle on 
which the wheel ea es 
turns; so that, @ Fig. 3. i 
when the cart rests on a horizontal plane, the bearing- 
spoke (or spoke 
immediately be- 
neath the axle) is & 
not inclined, as 
Sir Charles Bel) 
supposes, . but 
stands in a verti- 
cal position (as 
shown in Fig. 
4).7 Butif the 
fact were other- 
wise—if the dishing of the wheel had really the effect 
attributed to it by Sir Charles Bell, the cases com- 
pared would still be dissimilar. A straight spoke, in- 
clined at an angle to the line of pressure, is only. 
oblique with regard to the object supported ; and its 
obliquity may be removed by a change of its relative 


Fis. 4. 


2 See Parnell “On Roads,” §c. p. 305.—* The 
arms of the axles should be so bent as to bring an 
upright spoke.” 


an. 
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position to that object. But the femur is a column 
bent upon itself; its obliquity is not relative, but 
inherent; it cannot, therefore, be diminished by any 
change of position, but requires for its removal an 
alteration in the form of the bone itself. It is true 
that, in standing on one leg, the neck of the femur 
becomes more vertical ; but then the shaft becomes, 
in exactly equal proportion, more oblique: so that 
the total obliquity of the column remains the same, 
and the strain tending to break the bone at the angle 


suffers no diminution. Hence, both in fact and in / 
principle, Sir Charles Bell’s explanation appears to / 


be erronecus. 

Several important advantages are attained by the 
double obliquity of the femur, in compensation for 
the loss of strength undeniably incurred by the 
angular bend in its axis. In the first place, the 
separation of the shafts from each other, resulting 
from the length and inclination of the neck, gives 
room between the thigh-bones for the large muscular 
masses which lie on the inner side of each femur. 
With all the advantage of the existing obliquity, the 
tuterval is but just large enough for the purpose; and 
if the thigh-bones were straight, the muscles in ques- 
tion could only find room between them, by a removal 
of the sockets to a greater distance from the median 
plane, which would involve an enlargement of. the 
whole pelvis. 

In the second place, it results from this form of the 
bone, that when its lower extremity advances in the 
vertical plane, its head and neck turn on a horizontal 
axis ;—in other words, that the angular motion of its 
shaft is converted into a rotatory movement at the 
hip-joint. The advantages of this conversion are 


obvious. First, it tends to equalise the extent of 


NM. 
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bearing-surface in the hip-joint during the progress of 
the thigh from extension to flexion, or the reverse ; so 
that, whether the body issupported on the femur while 


standing beneath the pelvis, or while 
flexed to a right, or even to an acute 
angle, (as often happens in such ac- 
tions as climbing a steep hill, ascend- 
ing a flight of abrupt stairs, and the 
like,) the head of the bone is never 
subjected to undue pressure. For, 
the rotation of a hemispherical head 
within a socket of the same form (Fig. 
1) involves no diminution in the extent 
of the contiguous articulating surfaces ; 
but the angular motion of a joint of 
this kind (Fig. 2) throws part of the 
ball out of the socket, and leaves part 
of the socket without bearing to rest 
upon; so that the weight, instead 
of being distributed equally over the 
whole surface of the head, is concen- 
trated upon that portion which re- 
mains within the cavity. In the case 
of flexion to a right angle (represented 
in Fig. 2), the effective surfaces of the 
joint would be reduced to exactly one- 
half their ordinary extent, and would 
consequently have to sustain double the 
usual amount of pressure. This evil 
would beentirely obviated if the head 
were placed on a neck projecting at 
right angles from the shaft (Fig. 3) ; 


Figs 1s 


and it is considerably diminished by the existing 


approximation to that form (Fig. 4). 


Again, flexion is greatly increased in extent by this 
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conversion of angular into rotatory motion; for the 
angular motion of a deep enarthrosis, such as that of 
the hip, is soon stopped by the contact of the neck of 
one bone with the brim of the socket of the other: 
whereas, rotation meets no such check in the con- 
formation of the joint itself, but may be continued 
_indefinitely, until opposed by the tension of liga- 
ments, the encounter of a neighbouring limb, or 
other adventitious obstacle. Thus, under the exist- 
ing arrangement, the thigh may be flexed until its 
anterior surface touches the abdomen, its lower ex- 
tremity describing a curve of at least 145 degrees ; 
whereas, if the acetabulum were directed vertically, 
and the head, neck, and shaft of the femur formed 
one continuous line, so that their motions extended 
without modification to the joint, the range of the 
thigh in flexion would be reduced to 45 or 50 
degrees. j 


7 The common statement, that the length and 
obliquity of the neck give increased freedom to the 
motion of the hip-joint, is evidently erroneous. The 
movements of the ball within the socket would lose 
nothing in extent, if the neck were shortened by half, 
and placed in aright line with the shaft. The exist- 
ing conformation does not increase the total amount 
of mobility, but only alters its distribution. If the 
angular motion of the shaft is increased in extent, its 
rotatory movement suffers a precisely equivalent di- 
minution. Whatever adduction gains infreedom, ab- 
duction of necessity loses ; and soon for the rest. (The 
misapprehension here noticed is akin to the vulgar 
mechanical errors, that a fly-wheel increases the 
force of an engine, that a lever multiplies power, &c.) 
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On the whole, then, three principal advantages — 
appear to result from the double inclination of the 
femur, in return for the diminution of strength neces- 
sarily involved in that form: viz. Ist, enlargement of 
the space for the adductor muscles between the 
thigh-bones; 2dly, equalisation of the extent of 
bearing-surface in the hip-joint throughout its pas- 
sage from extreme flexion to extreme extension, or 
the reverse ; 3dly, increase of the range of the thigh 
in flexion—the most important and frequently re- 
peated of all its movements. Tothese we may add, 
as an incidental advantage resulting from the length 
and obliquity of the neck, the removal of the great 
trochanter to a considerable distance from the centre 
‘of motion, and the consequent acquisition of foree (in 
the stead of superfluous velocity) by the muscles 
attached to that process, k Nor, again, can it be 
doubted that the angular disposition of the neck tends 
to increase the longitudinal elasticity of the femur, 
and must therefore contribute to disperse concussions 
transmitted through the bone to the pelvis. 

We may now return to the movement of rotation, 
the nature of which has been indireetly explained in 
the foregoing remarks. It is evident that if anguler 


k This is sometimes put forward as in itself an 
adequate reason for the double obliquity of the 
femur; but such an explanation appears to me in- 
sufficient ; for it would, I think, have been a clumsy 
expedient to weaken the whole column by an angular 
bend, for the sole purpose of gaining a leverage which 
would have resulted as certainly, and without any 
such sacrifice of strength, from a slight prolongation 
of the trochanter major. 
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movements of the shaft of thefemur are performed 
by rotation of its head within the acetabulum, the 
converse proposition must be true, that rotation of 
the shaft is performed by angular movements at the 
hip-joint. The student must, however, bear in mind 
that the neck being oblique, not perpendicular to the 
axis of the shaft, this reciprocal conversion of move- 
ments is only partial; the angular and rotatory mo- 
tions of the shaft being each performed by a move- 
ment of the joint intermediate between the two. 

It would be unnecessary to dwell upon the me- 
chanical advantages which the shaft of the femur 
derives from its cylindrical form, its longitudinal cur- 
vature, and the dense rib, or linea aspera, which runs 
along its posterior surface. The hollow cylinder is 
known to be the most advantageous form for a column, 
2. e. the mode of disposition in which a given weight 
of material is capable of sustaining the greatest 
amount of pressure. The effect of longitudinal 
curvatures in preventing absolute rigidity, and dis- 
tributing the force of concussion, has already fallen 
under our notice; and the linea aspera serves evi- 
dently as a buttress to that side of the column which, 
on account of its concavity, sustains the chief force of 
longitudinal compression, and is most liable to be 
crushed by the constant weight of the trunk, or by the 
still severer pressure to which the bone is occasionally 
subject (as in the action of jumping from a height to 
the ground, carrying heavy burdens on the back, &c.). 

The lower extremity of the femur enters into 
the structure of the knee-joint, and will be noticed in 
our account of the mechanism of that important 
articulation. 
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OF THE LEG. 


325. The leg is formed of three bones; two of the 
cylindrical class, called the tibia and fibula, respect- 
ively analogous to the ulna and radius of the upper 
extremity ; the third a small appendage, named the 
patella or knee-pan, resembling the sesamozd bones on 
the one hand, and the olecranon process of the ulna on 
the other. 


OF THE TIBIA. 


326. The tibia occupies the anterior and internal 
part of the leg, extending in a direct line from the 
thigh to the foot. It is the largest bone of the leg, 
and, indeed, excepting only the femur, of the entire 
skeleton. It is of a prismatic figure, considerably 
expanded above, where it enters into the composition 
of the knee; more slightly enlarged below, where it 
contributes to form the ancle-joint. In the well- 
formed male it stands vertically, so as to be parallel 
with its fellow of the opposite side ; but in the female, 
in whom the femur descends very obliquely inward, 
the tibia has a compensating inclination downward 
and outward. We shall examine, in the usual order, 
the extremities and shaft of the bone. 

327. SUPERIOR EXTREMITY. At least twice as large 
as the lower ; of an oblong form, with the long dia- 
meter transverse; divided into two lateral eminences, 
called the TUBEROSITIES OF THE TIBIA. These emi- 
nences are continuous with each other in front, but 
separated posteriorly by a shallow notch, called the 
popliteal notch, which gives attachment to a liga- 
ment.d In size, the internal tuberosity some- 


Z Posterior crucial. 
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what exceeds the external; in form, the two emi- 
nences closely resemble each other—so that their 
surfaces are susceptible, in a great measure, of a 
common description. SuRFAcEs. Superior. The supe- 
rior surface of each tuberosity presents a smooth oval 
concavity, deepened in the recent subject by a semi- 
lunar fibro-cartilage, and articulating with the corre- 
sponding condyle ofthe femur. The articular sur- 
face of the internal tuberosity is longer, and somewhat 
more concave than that of the external; which, 
on the other hand, is the wider cavity of the two. 
Between these surfaces, and somewhat nearer to the 
posterior than to the anterior aspect of the bone, ap- 
pears the spinous process of the tibia, a pyramidal 
eminence, presenting at its summit two sharp tu- 
bercles, and giving attachment before and behind 
to ligaments. m Before and behind this eminence 
are rough surfaces, presenting well-marked liga- 
mentous impressions.» Lateral. The lateral sur- 
face of each tuberosity is convex and rough. That 
of the internal tuberosity gives attachment to a 
ligament.o Anterior. This aspect of the tuberosities 
presents a continuous surface, of triangular form, wide 
above, narrow below, where it terminates at an 


m The two ligaments by which the extremities of the 
external semilunar cartilage are fastened to the bone. 
-m The anterior surface gives attachment to the an- 
terior crucial ligament, and the anterior ligament, of 
the internal semilunar cartilage ; the posterior surface 
gives attachment to the posterior ligament of the 
internal semilunar cartilage, and a few fibres of the 
posterior crucial ligament. 
o Internal lateral ligament of the knee-joint. 
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oblong eminence of considerable size, calied the 
tubercle of the tibia. This tubercle is divided into two 
parts; an inferior, rough, for the attachment of a 
strong ligament; p a superéor, smooth, and covered in 
the recent subject by a bursa, over which the liga- 
ment glides. Posterior. The posterior surface of the 
internal tuberosity presents a horizontal groove for 
the attachment of a muscle.g The postertor surface 
of the external tuberosity presents a flat, nearly circular 
facet, directed downward, backward, and outward, 
for articulation with the fibula. 

328. InreR1ioR Extremity. This extremity is of 
a quadrilateral form, more extensive in the trans- 
verse than in the antero-posterior diameter, and 
distinguished by a strong process called the mal- 
leolus internus, which projects downward from its 
inner side. Surraces. Anterior. A smooth convex 
surface covered in the recent subject by several 
tendons.r Posterior. Presents a superficial groove, di- 
rected downward and a little inward, continuous with 
a similar groove on the astragalus, and serving for the 
transmission of a tendon. s This groove is usually very 
indistinct, and should be carefully distinguished from 
a much deeper groove which runs by its side, and ina 
nearly parallel direction, on the back of the malleolus 
internus. External. Presents a triangular rough 
excavation, corresponding to asimilar convexity on 
the fibula, to which it is attached by an interosseous 
ligament. It is bounded by two ridges, the ante- 


p Ligamentum patelle. q Semimembranosus, 
x Extensors of the toes. 
s Flexor longus pollicis. 
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rior more prominent than the posterior, both rough 
for the attachment of ligaments.z (Cruveilhier 
describes this excavation as presenting at its lower 
part a narrow smooth surface for articulation with a 
similar facet on the fibula. This I have never 
seen. In all the specimens I have examined, the 
excavation everywhere attaches the interosseous 
ligament ; the lower border of which consequently 
appears in the ancle joint, level with the tibial 
articular surface.) Internal. This surface ex- 
tends downward upon the MALLEOLUS INTERNUS, a 
strong process of pyramidal form, flattened from with- 
in outward, convex and subcutaneous on its inner side, 
Smooth and cartilaginous externally, where it is con- 
tinuous with the terminal articular surface of the 
bone. The anterior border of this process and its 
truncated extremity or summit present marks of 
ligamentous insertion. » Its posterior border is tra- 
versed by a deep groove, sometimes double, which 
runs obliquely downward, inward and forward, for 
the transmission of two tendons.w Jnferior. This 
surface, by which the tibia articulates with the astra- 
galus, is of a quadrilateral form, wide externally, 
where it meets at a right angle the narrow articular 
margin of the depression which receives the fibula ; 


uw Anterior and posterior ligaments of the inferior 
tibio-fibular articulation. 

v For the internal lateral ligament of the ancle- 
joint, or tibio-tarsal ligament. 

w Tibialis posticus, and flexor communis digitorum 
pedis; the former being in front of the latter, and 


somewhat on its outer side. 
cco 
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somewhat narrower internally, where it is continuous 
with the smooth outer surface of the malleolus in- 
ternus. Ht is uniformly concave in the antero- 
posterior direction, but isrendered alternately convex 
and concave in the opposite sense by the presence of 
2 median elevation running from before backward, 
and separating two lateral depressions. 

329. Bopy or SHAFT. Presents the form of a 
triangular prism, curved twice upon itself, so that 
its inner aspect is convex from above downward at 
the upper part, concave in the same sense below. 
It is also twisted on its axis in such a manner that its 
posterior surface, which looks directly backward 
above, looks backward and outward below. Its 
most slender part is not in the middle of its length, 
but at the junction of its upper three-fourths with its 
lower fourth, # and from this point to each extremity 
it increases gradually inthickness. Jt presents three 
surfaces, separated by three borders. 

330. Borners. Anterior. This is the most ele- 
vated border of the three, and for that reason is 
called the crest of the tibia. It commences above at 
the tuberosity of the tibia, and terminates below at 
the anterior border of the malleolus internus. It 
pursues a sinuous course, turning a little outward at 
its upper extremity, and taking a considerable bend 
inward below. It is very sharp and prominent at 
its upper and middle part, rounded and indistinct in 
the lower third of its length. In the living subject it 
lies immediately beneath the skin, and is popularly 
termed the shin. It gives attachment to an apo- 
neurosis. y Internal. This border is the least dis- 


a Hence the frequency of fracture at this point- 
y The aponeurosis of the leg. 
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tincily prominent of the three. It runs from the 
posterior part of the internal tuberosity to the 
posterior border of the. malleolus internus. It is 
somewhat indistinct above and below, but the inter- 
vening portion is sufficiently well marked. It gives 
attachment to some fibres of three muscles. z Exter- 
nal. Commences above at the external tuberosity 
just in front of the articular facet for the head of the 
fibula, and bifurcates below to form the anterior 
and posterior margins of the triangular depression 
which receives the lower extremity of the fibula. It 
_is sharp, especially in its middle portions, and gives 
attachment to an aponeurosis. a 

331. SuRFAcESs. Posterior. This surface is divided 
into two parts by a ridge, called the oblique line of 
the tibia, which runs from the articular facet for the 
head of the fibula downward and inward to the in- 
ternal border, which it joins at an acute angle just 
where the upper joins the middle third of the shaft. 
The oblique line is rough for the attachment of a 
fascia,b and part of a muscle.c The surface above it is 
of a triangular form, wide at its upper part, terminating 
in an acute angle below, and looking directly back- 
ward. It is concave from above downward, convex 
transversely, and rough for the insertion of a muscle. d 
The portion of surface which lies below the oblique 
line (comprising about two-thirds of the whole) is flat 
and smooth, narrower above, where it is directed 


% Popliteus, soleus, and flexor longus digitorum 


pedis. 
a Interosseous membrane. 
5 Popliteal. c Inner head of soleus. 


d Popliteus. 
ChGi2 
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backward, then below, where it looks somewhat out- 
ward as well as backward, in consequence of the 
twist of the bone. This surface is covered by two 
muscles,e to which its upper two-thirds give origin; 
and it presents at its superior part, immediately 
beneath the oblique line, the medullary foramen of 
the tibia, f entering the bone obliquely downward. 
Internal. A smooth surface, wider above than below. 
Its upper part looks inward and forward, and is 
covered by an aponeurotic expansion ; g ‘its lower 
part looks directly inward, and lies immediately 
beneath the skin. Ezternal. The two upper thirds | 
of this surface are directed inward, and hollowed by 
a shallow vertical groove for the attachment of a 
muscle. ‘The lower third winds around the bone, 
looking at first forward and inward, afterward almost 
directly forward. It is smooth, convex, and covered 
by several tendons. z 
ea ee eS 

e Tibialis posticus, and flexor communis digitorum, 
which arise side by side, the former external to the 
latter. 

y¢ This hole is remarkably large, and, in well- 
marked specimens, preceded by a groove. It is 
through this foramen that Cruveilhier has traced a 
nerve, accompanying the medullary artery into the 
substance of the bone. 

g Derived from the conjoined tendons of the gra- 
cilis, sartorius, and semitendinosus. 

hk Tibialis anticus ; and also, at the upper part, 
some fibres of the extensor digitorum communis. 

iThose of the tibialis anticus, extensor proprius 
pollicis, extensor communis digitorum, and peroneus 
tertius. These tendons lie in the order of enumera- 
tion, proceeding from within outward. 
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332. Structure. Agrees in every respect with 
that of the long bones in general, which has already 
been fully described. DeveLopmentT. By three 
points, one for the shaft and one for each terminal 
epiphysis. The ossific centre of the body appears from 
the twenty-fifth to the fortieth day of feetal life ; that 
- of the superior epiphysis within the first, that of the 
inferior epiphysis within the second, year after birth. 
The superior epiphysis is a thin terminal layer, pro- 
longed downward in front, so as to include the tubercle 
of the tibia. The inferior epiphysis in like manner 
includes the malleolus internus. In one instance, 
however, a separate ossific point has been observed 
by Béclard in the malleolus internus; and Cruveil- 
hier states that the tubercle also is sometimes de- 
veloped from a centre of its own. The ossific union 
of these pieces coincides with the period of perfect 
development, which varies from eighteen to twenty- 
five years in different individuals. The law of 
inverted order already stated is plainly exemplified 
here ; for the infericr epiphysis, which is the latest to 
ossify, is the first to unite with the shaft. ArTICULA~ 
TIONS. With the femur and head of the fibula above; 
with the astragalus and inferior extremity of the 
fibula below. 
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_ 833. The fibula is the slenderest, in proportion to 
its length, of all the cylindrical bones. It is placed 
on the outer side of the leg, nearly parallel to the 
tibia, but inclining a little forward as it descends, so 
that its lower extremity is on a plane somewhat 
anterior to that of the upper. It is of an irregularly 
prismatic form in the upper three-fifths of its length, 
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put flattened from side to side in the lower two- — 
fifths. It is curved longitudinally so as to present a 
‘convexity towards the tibia, a concavity in the oppo- 
site direction. It has the appearance of being twisted 
on its axis, the surface which is external above 
winding round so as to become posterior below. - In 
this and other instances of ¢orsion, however, the 
student is not to imagine that the bone is really 
twisted, or that the fibres of its shaft take a spiral 
direction ; the appearance is entirely superficial, and 
always depends on the passage of tendons or nerves 
in a winding course along the bone. I make this 
remark because Cruveilhier speaks of the “ law of 
-¢orsion of bones ;’’ an expression calculated to suggest 
-the notion that their twisted appearance is something 
more than a mere modelling of external surface, and 
that a torsion or spiral arrangement of the fibres does 
actually exist. Weshall consider, as usual, first the 
extremities, and afterwards the shaft, of the bone. 

334. Upper Extremity or Heav. An epiphysis 
of irregularly rounded form, presenting a terminal 
articular surface, a blunt eminence called the styloid 
process of the fibula, and an uneven circumference. 
-The terminal surface is a flat facet, directed upward, 
forward, and inward, to articulate with the corre- 
sponding facet on the external tuberosity of the tibia. 
The styloid process projects upward from the poste- 
rior part of the head, and by its rounded summit 
gives attachment to a ligament. / The circumfe- 
rence gives attachment on all sides to muscles and 
ligaments. k 
pees ciate oan May be Seg 6 le ere ee 

7 Short external lateral ligament of the knee. 

k The external side of the head gives attachment 
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335. Lower EXTREMITY, oR MALLEoLUS EXTERNUS 
This epiphysis is larger and descends lower than 
the malleolus internus of the tibia, to which it cor- 
responds. It has the form of a triangular pyramid, 
somewhat flattened from side to side, joined by its 
base to the shaft, and presenting for examination 
three surfaces, three borders, anda rounded extremity 
or summit. Its outer surface is convex, subcutaneous, 
and continuous with a triangular surface, also sub- 
cutaneous, on the outer aspect of the shaft. Its cner 
surface is divided into, Ist, an articuiar portion of 
triangular form, wider above than below, slightly 
convex, and corresponding to an articular surface on 
the outer side of the astragalus; 2dly, a small non- 
articular portion, situated behind and below the 
former, and presenting a rough depression for the 
attachment of a ligament.J The posterior surface 
of the malleolus externus is narrower than the other 
two, and channelled by a shallow groove, which runs 
2D PU RE ERR REE EE Pee 
to the long external lateral ligament of the knee, the 
posterior fibres of the tendon of the biceps, and 
the upper fibres of the peroneus longus ; its znternal 
side, to a few tibio-fibular ligamentous fibres; its 
anterior aspect, to the anterior ligament of the su- 
perior tibio-fibular joint, the anterior fibres of the 
tendon of the biceps, and the upper and anterior 
fibres of the peroneus longus; its posterior aspect, 
to the posterior ligament of the superior tibio- 
fibular joint, and the upper fibres of the outer head 
of the soleus. 

1 Posterior external lateral ligament of the ancle- 
joint. 
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obliquely downward and outward, and transmits two 
tendons. m Of the three borders of this epiphysis, the — 
anterior is thick, uneven, and marked at its lower 
part with the impression of a ligament ;” the eaters 
nal is an elevated ridge, forming the outer boundary 
of the groove on the posterior surface ; the posterior 
is rounded and smooth; all three converge towards 
the summit of the process, which is a conical eminence, 
prolonged obliquely downward and outward, and 
furnishing attachment to a ligament. 0 

336, SHartT. We have given, in our preliminary 
notice of the fibula, a general sketch of its body or 
shaft, describing its torsion, its longitudinal curva- 
ture, and its inclined position, and adding, with 
respect to its form, that it is prismatic above, trans- 
versely flattened towards the lower extremity. We 
may here, therefore, proceed at once to the minute 
examination of its lines and surfuces. 

337. Lines. Anterior.. Commences above at the 
front of the head, runs vertically downward to the 
middle of the bone, then curves a little outward, and 
bifurcates, sending one branch to the anterior, and 
one to the external border of the malleolus externus. 
These branches form the lateral boundaries of a 
triangular subcutaneous space, continuous below with 
the subcutaneous surface of the malleolus ex- 
ternus. (Sometimes the posterior branch of this 
bifurcation is taken alone, as the continuation of the 
anterior line, which is then said to wind backward 
and terminate at the external border of the mal- 


—— 


m Those of the peroneus longus and brevis. 
n Anterior external lateral ligament. 
e Middle external lateral ligament. 
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leolus externus, while the triangular subcutaneous 
interval is described as part of the anterior surface.) 
Interosseous. The interosseous line, though not re- 
markable for its prominence, is a boundary of great 
importance in a myological point of view, because. it 
gives attachment to the interosseous membrane that 
stretches between the tibia and fibula, and sepa- 
rates the extensor muscles, which lie in front, 
from the flexor muscles, which are attached be- 
hind. This line runs close on the inner side of 
the anterior line, nearly parallel to it in the 
upper two-thirds of its length, where the interval 
between the two is seldom more than an eighth of an 
inch wide, diverging from it a little in the lower 
third of its course, so that the intervening space in- 
creases in width to about a quarter of aninch. The 
upper termination of the interosseous line varies in 
different subjects; sometimes it reaches the head of - 
the bone at a point just internal to the origin of the 
anterior line; sometimes it becomes indistinct and 
ceases about an inch below the head. Inferiorly it 
terminates at the apex of a rough, convex, triangular 
space, situated on the inner aspect of the bone, just 
above the articular surface of the malleolus externus. 
Posterior. This line commences above at the base of 
the styloid process, and terminates below at the pos- 
terior border of the malleolus externus. Between 
this line and the interosseous line, on the internal 
aspect of the bone, there is a very prominent ridge, 
called the oblique line of the fibula, which com- 
mences above at the inner side of the head, descends, 
at first vertically, then obliquely forward, and 
terminates below by falling on the interosseous 
line at the junction of the upper three-fifths with 
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the lower two-fifths of the shaft. (In many spe- 
cimens, however, the oblique line cannot be traced 
forward so far as the interosseous line, but ceases, 
rather abruptly, at the distance of about a quar- 
ter of an inch from it.) This ridge, which derives 
its. name from its oblique direction, belongs to 
the internal surface of the bone, the upper part of 
which it divides into an anterior and a posterior 
portion. Strictly speaking, therefore, its descrip- 
tion should be reserved till that surface comes under 
examination; but we have noticed it here lest the 
student should mistake it for either of the lines 
between which it lies, All these ridges of the fibula 
give attachment to processes of fibrous membrane, 
separating the muscles that arise from the interven- 
ing surfaces. p 

338. SuRFACES. Anferior. The narrow interval 
lying between the anterior and interosseous lines is 
all that can with propriety be called the anterior 
surface of the fibula, because it is all that lies in front 
of the interrosseous membrane, and gives origin to the 
extensor muscles of the toes. Its upper two-thirds 
are flat; its lower third is wider than the portion 
above, and grooved in the longitudinal sense. Jn its 


p The anterior line gives attachment to an inter- 
muscular septum separating the peroneus longus 
and brevis from the extensor digitorum communis 
and its continuation the peroneus tertias; the cz 
teresseous line, to the interosseous membrane; the 
posterior line, to an intermuscular septum separating 
the peronei from the soleus and flexor pollicis longus ; 
the oblique line, to an intermuscular septum separat- 
ing the tibialis posticus from the flexor pollicis longus. 
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whole length it gives attachment to muscles.q The 
triangular subcutaneous space, that surmounts the 
malleolus externus, may be described as part of this 
surface (337), which must then be said to wind round 
the bone at its inferior extremity, so as, from looking 
forward above, to acquire a direction outward below. 
_fixternal. This surface is directed outward in its 
upper two-thirds, where it is uneven and grooved 
longitudinally ; but looks backward below, where it 
presents a smooth surface continuous with the 
posterior surface of the malleolus externus. It is 
covered below by the tendons of two muscles,r to 
which its upper half gives origin. Jnternal. This 
surface extends from the interosseous line in front, 
round to the posterior line behind. Its lower third 
is smooth and plane. Its two upper thirds are 
divided into an anferior and posterior portion by the 
oblique ridge already described. The anterior por- 
tion of the inner aspect (bounded behind by the 
oblique ridge, in front by the interosseous line) looks 
inward and forward, and is greoved longitudinally for 
the attachment of a muscle.s The posterior portion 
of the inner aspect (bounded in front by the oblique 
ridge, and behind by the posterior line) merges below 
into the smooth lower third of this aspect, forming 


q The extensor digitorum communis, and the 
peroneus tertius, form a continuous muscle, which 
arises from the anterior surface in its whole length, 
occupying the narrow upper two-thirds exclusively, 
and the cuter half of the lower third, or wider por- 
tion of the surface, The inner half of the lower 
third gives origin to the extensor proprius pollicis, 

y Peroneus longus and brevis. s Tibialis posticus. 
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with it one continuous surface, which looks inward 
and backward above, directly inward below. It 
presents at its upper part some rugosities for the 
attachment of part of a muscle,¢ and at its lower 
extremity the rough triangular space already noticed 
in the description of the interosseous line (337). This 
space is convex, and corresponds to a rough depres- 
sion on the tibia, to which it is bound in the recent 
subject by strong ligamentous fibres.« | The por- 
tion of surface, which intervenes between the ru- 
gosities above and this triangular rough space below, 
is smooth, and gives origin in its whole length to 
a muscle.w The medullary foramen sometimes 
appears on the middle of this surface, sometimes on 
the oblique line, entering the bone obliquely down- 
ward. 

339. Itis necessary to inform the student, that this 
account of the shaft of the fibula differs essentially 
from the descriptions given by previous anatomists. 
I have described the interosseous ridge as one of the 
three principal lines of the fibula, considering the 
surfaces between which it runs as separate aspects of 
the bone. Cruveilbier, Cloquet, and other authori- 
ties, break the interosseous line into two parts—a 
lower, which they take together with the oblique line 
to form the internal border of the bone, and an upper; 
to which the name of interosseous line is exclusively 
applied. The surfaces lying on either side of this 
line they describe together as the infernal surface. 


¢ Outer head of soleus. 

uw Interosseous ligament of the inferior tibio-fibular 
articulation. 

v Flexor longus pollicis. 
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This is in my opinion an arbitrary and unphysiolo- 
gical method, calculated to convey an erroneous 
notion of the muscular relations of the bone; for the 
surfaces separated by the interosseous line, and by 
those writers included under a common name, lie, 
in the recent subject, on opposite sides of the inter- 
osseous membrane—occupy different regions of the 
limb—and attach antagonist sets of muscles; that 
which is in front of the membrane giving origin only 
to extensors, that which is behind it exclusively to 
flexors.w By the method which I have proposed, this 
anomalous combination of surfaces is avoided, and 
the interosseous ridge, assuming its proper import- 
ance as a regional boundary, is recognised as a con- 
tinuous line, and described in its whole length under 
asingle name. If it should be objected that the sur- 
faces separated by the oblique line, and described by 
me as subdivisions of the internal aspect, differ in 
direction far more than the surfaces included by 
other writers under a common name, the reply is 


w Bourgery has been so far misled by this error, 
that he says—‘* Chacun des trois angles (du peroné) 
donne attache par son sommet aux aponévroses de 
séparation qui limitent les trois groupes muscu- 
laires de la jambe.”—(Anatomie de l’ Homme, tom. i. 
p. 122.) This statement, taken in connexion with 
his description of the internal border of the fibula, 
would imply that the tibialis posticus belonged to 
the same group of muscles as the extensor proprius 
pollicis, extensor communis digitorum, and peroneus 
tertius,—a combination altogether preposterous, and 
certainly never intended by the philosophical anato- 
mist here cited. 


ete 
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obvious. The surfaces which I combine both lie | 
behind the interosseous membrane, both belong to : 
the posterior region of the leg, and bofh attach 
muscles of the flexor set. They are analogous in 
all essential points, and their difference in direction 
is merely an incidental cireumstance occasioned by 
the prominence of the oblique ridge, the obvious 
design of which is to increase the extent of surface 
for muscular attachment (as may be inferred from 
the fact, that the oblique ridge extends only over so 
much of the internal aspect as gives attachment to 
two muscles,—disappearing below, where only one 
muscle takes rise). 

340. SrructureE. The medullary canal of the fibula 
is very narrow and irregular, and extends only 
through the middle third of the shaft. The areolar 
tissue of the extremities, and especially of the mal- 
leolus externus, is unusually strong, its fibres being 
very thick, and the cellular intervals small in propor- 
tion. This compactness of structure, which is ob- 
servedalso in the malleolus of the tibia, may account 
for the infrequency of fracture of the ancles, notwith- 
standing their prominence, and consequent exposure 
to concussion. DEVELOPMENT. By three points; one 
for the body, one for the lower, and one for the upper 
extremity. The first appears in the seventh week of 
foetal life ; the second about two years, andthe third 
five years, after birth. The ossific union of these 
pieces is complete at a period varying from twenty- 
one to twenty-five years after birth. ARTICULA- 
tions. With the tibia cia with the tibia and 
astragalus below- 
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OF THE PATELLA. 


341. The patella is a small flat bone, of triangu- 
lar form with rounded angles, thicker above than 
below, and situated vertically, base upward, in front 
of the knee-joint. It presents for examination two 
surfaces, two lateral borders, a base, and an apex. 

342. SURFACES. Anterior. Convex, and marked 
with longitudinal striew, between which appear many 
small ellipsoid foramina for nutrient vessels. This 
surface is covered in the recent subject with tendi- 
nous fibres, which adhere closely to it, and occasion 
its striated appearance. In the recent subject it may 
be felt beneath the skin, from which it is only sepa- 
rated by the superficial fascia, and by a large syno- 
vialbursa. Posterior. This aspect presents a smooth 
surface, of oval form, with the long diameter trans- 
verse, covered in the recent subject with cartilage, 
for articulation with the trochlea of the femur, to the 
undulations of which it exactly corresponds. It pre- 
sents two lateral concavities separated by a vertical 
rounded ridge. This elevation fits the trochlear 
groove of the femur, and the lateral concavities cor- 
respond to the two condyles. As the external con- 
dyle is larger and more prominent than its fellow, so 
is the external depression of the patella more exten- 
siveand deeper than the internal. Below this sur- 
face there is a narrow, convex, nonarticular space, 
perforated by several nutrient foramina, and directed 
obliquely downward and backward towards the head 
of the tibia, from which it is separated in the recent 


x Of the quadriceps extensor: 


= 
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subject by adipose tissue. The lower part of 
this surface assists in giving attachment to a liga- 
ment.y 

343. LATERAL Borpers. Thin curved borders, 
each giving attachment to a ligament and part of a 
tendon.z : 

344. Bass. Thick, and cut obliquely at the ex- 
pense of the anterior aspect, so as to present a rough 
broad margin, directed upward and forward, for the 
attachment of a strong tendon.a 

345. Apex. Thin, and directed downward for the 
attachment of a strong ligament.b 

346. SrructuRE. Of light cancellous tissue, co- 
vered by a thin compact layer, which presents in 
front a remarkable striated or fibrous appearance, as 
we have already had occasion to observe. DEVELOP- 
MENT. The ossification of the patella commences in 
the end of the first, or beginning of the second year 
after birth ; butis not complete till the age of twelve. 


y Ligamentum patelle. 

z The internal lateral border gives attachment to 
the internal lateral ligament of the patella, and to 
that portion of the common extensor tendon which is 
derived from the vastus internus ; the external lateral 
border gives attachment to the corresponding liga- 
ment and tendon of the outer side. (The lateral 
ligaments of the patella have been overlooked by 
many anatomists. They are well described by Bour- 
gery, Anatomie del’ Homme, tom. i, p. 178.) 

a Of the quadriceps extensor. 

b Ligamentum patelle, or. infra-patellar portion 
of the extensor tendon—as it might with more pro- 
priety be called. 
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It proceeds, with rare exceptions (of which Rudolphi 
has recorded an example), from a single central 
point. ARTICULATION. With the femur only: 


MECHANISM OF THE LEG, 


345. Under this head we have to consider the Os- 
Seous structure of the knee, and of the two tibio-fibu- 
lar articulations. Our remarks on the ankle-joint 
will follow the description of the foot. 

346. The knee-joint, which is the largest joint in 
the body, is formed by the articulation of the femur 
with the tibia below, and with its appendage, the pa- 
tella, in front. It belongs to the class of ginglymoid, 
or hinge-joints ; its motions being confined to flexion 
and extension in a single plane, with the addition of 
avery limited rotatory movement when the leg is 
bent so as to relax the ligaments. The gingly- 
moid motions have a range of about 140°, exten- 
ston being arrested when the bones are in a right 
line with each other; flexion, when they form 
an angle of about 40°. Neither these, how- 
ever, nor the rotatory movements of the knee, are 
checked by the encounter of the bones. Their limi- 
tation depends on the oblong form of the condyles, 
the curvature of the articular surfaces, and the dis- 
position of the ligaments which bind them to the 
tibia. Thesubjoined diagram represents the antero- 
posterior curvature of the external condyle, (taken 
from the bone itself, and transferred at once to the 
engraver’s block, by the employment of a Strip of 
lead, in the manner described at page 224, supra). 
The portion ah, belonging to the back of the condyle, 
coincides exactly with the segmeut a b of the circle 

DD 
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abd. The remaining portion bc, which includes 
the inferior and trochlear aspects of the condyle, ap- 


ef 
Ran 


proximates closely to the figure of the elliptical curve 
egh. The curvature of the internal condyle is si- 
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milar to that of the external, but on a smaller scale, 
and less regularly eiliptical in front.c 

Now, such being the shape of the condyles, it is 
obvious that, in order to the performance of a hinge- 
like motion of the joint, one of two actions must take 
place. Either the anterior extremities of the con- 
dyles must descend into the articular cavities of the 
tibia, while their posterior extremities rise ; or, on 
the other hand, their posterior extremities must de- 
scend (turning on the centre of the circular curve 
ab), while their anterior extremities rise. In order, 
_ therefore, to prevent extension beyond a right line, 
at the same time that a free range of flexion is per- 
mitted, it is only necessary to attach the ligaments az 
or behind the point /, so that they may permit the 
ascent of the unterior ends of the condyles, and pre- 
vent that of their posterior extremities. And, with- 
out entering into a description of the ligaments, with 
which we are not at present concerned, we may state 
in general terms, that their disposition and points of at- 
tachment are in strict accordance with this principle.d 

Rotation of the knee-joint is impossible during 


ce The radii of the posterior curves of the interna] 
and external condyle are respectively five-eighths 
and six-eighths of an inch long, in average-sized 
thighbones. 

d The posterior crucial ligament presents the only 
exception to this general rule, its anterior fibres be- 
ing attached to the very front of the intercondyloid 
notch. These fibres, however, are so obliquely placed, 
and so long, that they are only tightened in full 
flexion, and can therefore have no effect in prevent- 
ing the commencement of that motion. 

DD 2 
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extension of the leg ; first, because in that position the 
oblong lower surface of the condyles of the femur fit 
closely to the oval cavities formed by the tibia and 
semilunar cartilages for their reception ; and secondly, 
because the principal ligaments of the joint are, during 
extension, put upon the stretch, so as to oppose gliding 
motions in any direction. But rotatory movements 
become possible when the joint is flexed, because, 
in that posture, exactly the opposite conditions pre- 
vail. The ligaments at the back of the joint are re- 
laxed; and the rounded hinder extremities of the 
condyles, coming into cavities of an oblong form, are 
susceptible of a gliding movement backward and 
forward within them. Under these circumstances, 
rotation may be performed in either of three different 
modes:—The internal condyle may act as a pivot, 
while the external glides backward and forward in 
the corresponding cavity of the tibia; or, vice versa, 
the external condyle may be the fixed point, while 
the internal is set in motion; or, lastly, both con- 
dyles may move together, the one advancing while 
the other recedes. (The simultaneous advance or 
retreat of both condyles is prevented by a strong 
pair of ligaments,e lodged in the intercondyloid 
notch.) The natural movements of rotation, pro- 
duced by muscular action, are of the first kind; the 
external condyle moving backward and forward, 
while the internal is comparatively (though not per- 
haps absolutely) fixed. (We have here described 
rotation as performed by the condyles of the femur 
on the tuberosities of the tibia: it will be understood, 
of course, that the corresponding movements may be 
executed by the latter on the former.) 


eee ee ee ee 


e The crucial ligaments. 
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348. The relative position of the patella, which 
we have next to consider, is not affected by rotation ; 
but, in the ginglymoid motions of the joint, the con- 
dyles of the femur glide over its posterior surface, 
bringing successively into contact with it every point 
of their elliptical portion—from the summit of the 
trochlear groove, which touches it in extension, back 
to the hindmost points of the flattened under-sur- 
faces, which reach it in extreme flexion. In very 
strong extension, indeed, when the ligamentum pa- 
tellz is stretched to its full length, the patella rises 
half its diameter above the trochlea. It is prevented, 
during the natural actions of the joint, from moving 
laterally, by the elevated borders of the trochlear 
groove, of which the exterual is the more prominent. 
When the extensor muscles are relaxed, however, 
the patella yields readily to external force, and may 
be pushed aside in either direction (but further in- 
ward than outward) from its median position on the 
trochlea. The uses of the patella, as a protection 
to the knee, areobvious. It defends it from violence 
in the manner of a shield; and distributes, over a con-= 
siderable extent of surface, pressure which would 
otherwise be accumulated on the prominent extre- 
mities of the condyles. 

349. The influence of the patella in regulating the 
action of the extensor muscles is a very remarkable 
feature in the mechanism of the knee-joint, and one 
which has never, I think, been thoroughly studied and 
explained. It has, indeed, been stated that the pa- 
tella furnishes the extensors with a longer leverage 
than they would otherwise possess, and the observa- 
tion is correct so far as it goes; but it falls short of 
the truth. The patella does more than this. It 
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causes the extensors to act on the tibia with a lever- 
age which varies constanily,during the passage of the 
limb from flexion to extension, or. the reverse ; 
adapting them to furnish force and velocity in the ex- 
act proportions at each instant required. This func- 
tion depends upon an advancing and receding moyve- 
ment of the patella, which is well understood by ana- 
tomists, though its purpose appears to have escaped 
their notice. In extension, the patella is thrust for- 
ward by the prominent extremities of the condyles, 
so that the infra-patellar portion of the extensor ten- 
don (or ligamentum patelle, as it is called) slopes 
forward from its tibial insertion, at an angle of from 
twenty to twenty-five degrees with the vertical axis 
of the tibia. Whereas, in flexion, the flattened un- 
der surfaces of the condyles are presented forward, 
and the patella falls back into the space previously 
occupied by their anterior extremities; so that, when 
the joint is half bent, the ligamentum patella be- 
comes parallel to the axis of the tibia, and, in extreme 
flexion, even inclines backward from the point at 
which it acts on that bone. 

These three positions of the patella, and of the 
infra-patellar portion of the extensor tendon, are 
shown in the annexed diagram, in which A repres 
sents the tibia, B the femur, C the patella, and D the 
ligamentum patelle, in the posture of full extension. 
D is inclined forward at an angle of twenty-five de- 
grees from the vertical axis a a of the tibia. B, 
C’, and D’, respectively represent the femur, patella, 
and ligamentum patelle, in demi-flexion of the 
joint; and here D’ is parallel to the axis of the tibia, 
B”, C”, and D”, represent the same parts as they 
appear in full flexion—the patella sunk between the 
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condyles, and the ligamentum patelle sloping 
obliquely backward at an angle of about twenty 
degrees from the vertical line. 


In the first of these positions, the extensor muscles 
acquire force at the expense of velocity. As the 
patella recedes into the third position, the extensors 
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act more and more obliquely on the tibia; and an 
increasing proportion of their force is exchanged for 
velocity. 

The use of this progressive conversion may easily, 
I think, be perceived. -In the posture of full exten- 
sion, the muscles attached to the patella are em- 
ployed, not to set the tibia in motion, but, on the 
contrary, to keep it firmly sized in a position already 
assumed. This is an action with which velocity is 
incompatible by its very nature ; force being the only 
condition which can possibly be required. But when 
the muscles are employed to restore the limb from 
the posture of flexion to the rectilinear attitude, 
the case is changed; motion to the extent of 140° has 
now to be communicated to the tibia, force ceases to 
be the sole requisite, and a certain amount of velocity 
becomes indispensable. To these varying necessities 
of the limb, the shifting leverage of the patella ex- 
actly corresponds; lengthening when force alone is 
required, shortening when there is also occasion for 
velocity. Nor is the gradual transition from one 
kind of leverage to the other without its use. It dis- 
tributes the velocity of extension in such a manner, 
that the motion is swifter at its commencement than 
towards its close , so that the strain on the ligaments 
which finally arrest the action is moderated, while 
the average speed of motion remains the same. It 
also gives the extensors considerable purchase on the 
tibia alittle before it has reached full extension, en- 
abling them to keep the limb very firmly stiffened, 
even in attitudes of slight flexion. My view, then, 
of the whole matter may be shortly expressed in 
the following terms :— 

The shifting leverage of the patella enables the 
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extensors to move the leginto required positions with 
sufficient velocity, and to fix it in them with adequate 
Sorce. 

350. The fibro-cartilages of the knee-joint serve to 
deepen the cavities of the tibia, and, by promoting 
longitudinal elasticity, to distribute the force of con- 
cussion. Other uses have been attributed to them; but 
their functions, as well as those of the ligaments of the 
knee, are still, for want of an exact method of analy- 
sis, imperfectly understood. Some hitherto unob- 
served points in their anatomy and mechanical con- 
struction will form the subject of a separate paper. 

351. The rank and function of the tibia, as the 
principal bone of its region, and the main supporter 
of the thigh, are clearly indicated by itsrelative bulk 
and position. The slender shaft of the fibula serves 
merely as an accessory column, furnishing some 
additional support to its outer tuberosity, and ex- 
tending the surface for muscular insertion. To this 
latter purpose, the interosseous membrane, that 
stretches between the two bones, is also subservient. 

352. The superior tibio-fibular articulation is a 
small arthrodial joint, of the simplest kind, capable 
only of obscure gliding motions. The inferior tibio- 
fibular articulation is analogous in its structure to 
the amphiarthrodial joints; the opposed surfaces 
being separated, and at the same time firmly con- 
nected, by an intervening plane of short, strong, 
ligamentous fibres. This joint is rendered almost 
immovable by the reception of the lower end of the 
fibula into a triangular excavation of the tibia. 
These tibio-fibular articulations, indeed, have no such 
rotatory movements to execute as are performed by the 
corresponding joints of the fore-arm ; and their exist- 
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ence probably depends rather on the tendency of na- 
ture to the preservation of an uniform type in the 
construction of analogous parts, than on any mecha- 
nical advantage thence resulting to the limb. They 
are evidently the dwindled vestiges of a superior 
organisation—rather exemplifying a pre-existent law, 
than fulfilling a present function. 


OF THE FOOT. 


353. The foot, or terminal division of the lower 
extremity, represents an elliptical arch, resting at 
each extremity on the ground, and supporting, at 
right angles to its convex aspect, the column of the 
leg and thigh. It is composed of twenty-seven bones, 
united by thirty-two articulations, and arranged in 
three divisions, called the ¢arsus, metatarsus, and 
phalanges. These divisions correspond to the three 
regions of the hand, and, like them, are distinguished 
by well-marked peculiarities of size, form, and me- 
chanical structure. Thus, each division of the foot 
is shorter and wider than its predecessor ;—their re- 
lative length being in round numbers as 9, 6, and 4 ; 
their comparative width, as 11,13, and 16. Again, the 
tarsus consists of cuboid bones, articulated to each 
other by arthrodial or gliding joints; the meéatarsus, 
of long bones, articulated to each other and to the 
tarsus by arthrodial joints; while the phalanges, which 
are also long bones, articulate with each other and with 
the metatarsus by ginglymoid or hinge joints. Before, 
however, we can understand the mechanism of these 
regions, or perceive their analogies to the corre- 
sponding divisions of the hand, it isnecessary to take 
them to pieces, and to study, one by one, the several 
bones of which they are composed. To this minute 
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examination we shall immediately proceed, premis- 
ing only, in general terms, that as mobility is the dis- 
tinctive quality of the hand, so strength is the predo- 
minating character of the foot; while elasticity be- 
longs in an equal degree toboth. Hence the breadth 
of the hand, the great length of the fingers in com- 
parison to the carpus and metacarpus, and the free 
divergence of the thumb. Hence, on the contrary, 
the narrow elongated form of the foot, its diminutive 
phalanges, and the massive structure of the tarsus. 
Hence, lastly, in both these organs, the multiplicity 
_ of joints, the angular disposition of the bones, and the 
obliquity of their articulating surfaces. 


OF THE TARSUS. 


354. The tarsus consists of seven bones, viz., the 
ealcaneum or os calcis, the astragalus, the cuboid 
bone, the scaphoid or navicular bone, and the three 
cuneiform bones, internal, external, and middle. In 
this enumeration the tarsal bones are arranged in the 
order of their size, from the calcaneum, which is the 
largest, down to the middle cuneiform, which is the 
smallest of the series. 

355. The tarsus is not susceptible, like the carpus, 
of a transverse division into two rows; for its inner 
border presents ¢hree bones placed one before the 
other, its outer border only two. But the tarsal 
bones may be naturally and conveniently classified 
by the longitudinal method of division, suggested in 
a former part of this work (284-5). Considered, in- 
deed, with referencé to its mechanical construction, 
the tarsus at once separates itself into two lateral 
portions ;—an ezternal, remarkable for solidity and 
strength ; an infernal, characterised chiefly by its 
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elasticity. The external division consists of two 
bones, viz., the caleaneum behind, the cuboid in 
front. The internal division comprises the remaining 
five bones, arranged in the following order ;—the as- 
tragalus behind, in front of that the scaphoid bone, 
and foremost of all, the three cuneiform bones 
ranged side by side. These bones we shall at once 
proceed to describe; reserving for the sequel our ob- 
servations on the construction and mechanism of the 
tarsus. 


OF THE TARSAL BONES IN GENERAL. 


356. The bones of the tarsus present greater di- 
versities of size and form, and fewer common charac- 
ters, than those of the carpus. Each, however, has 
six surfaces, articular where they come into contact 
with neighbouring bones, elsewhere rough for the 
attachment of ligaments; each is formed of light, 
elastic, cancellous tissue, enclosed in a thin compact 
layer ; and each is developed by a single ossific centre, 
with the exception only of the caleaneum, which has 
an additional point at its posterior extremity. The 
development of the tarsal bones takes place in the 
following order:—The central point of the caleaneum 
appears in the fifth month of foetal life; that of the 
astragalus, a month later; those of the remaining 
bones appear successively at various periods during 
the first four years after birth. The secondary ossi- 
fic point of the caleaneum does not make its appear- 
ance till from eight to ten years after birth. 
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OF THE TARSAL BONES IN PARTICULAR. 


OUTER DIVISION. 


357. This division consists of two bones,—the cal- 
eaneum, or os calcis, and the cuboid bone. 

358. CALCANEUM, Or O08 CALCIS. This is the largest 
bone of the foot. It is of an elongated form, trans- 
versely flattened, and larger at its posterior extremity, 
which projects backward to form the strong lever of 
the heel, than at its anterior extremity, which is 
called the greater process of the caleaneum—in con- 
tradistinction to a small apophysis, situated on the 
inner side of the bone, and called its lesser process. 
The calcaneum is placed obliquely in the tarsus, so 
as to touch the ground only at its posterior end. 
SURFACES. Superior. Presents in the middle two ar- 
ticular surfaces ; an external and larger, situated on 
the body of the bone ; an internal, whichis also some- 
what anterior, supported by the lesser process. Both 
these surfaces are of oblong form, with their long 
diameters inclined obliquely outward and forward ; 
both are plane transversely; and both are directed 
upward and forward to articulate with corresponding 
surfaces of the astragalus. The external is wider 
behind than before, and longitudinally convex ; the 
internal, on the contrary, is longitudinally concave. 
These surfaces are separated by an oblique groove, 
running from behind forward and outward, and rough 
for the attachment of a ligament.e Before the larger 
surface appears the rough upper aspect of the greater 
2 EEE NS SAE 20 ie 

e Interosseous astragalo-calcanean. 
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process, presenting an irregular depression (conti- 
nuous with the oblique groove), for the attachment 
of several ligaments, f and a muscle ;g behind it 
is the upper aspect of that part of the os calcis which 
projects backward to form the heel,—a narrow surface, 
convex transversely, concave longitudinally, and cor- 
responding, in the recent subject, to a mass of adipose 
tissue that lies in front of the great tendon of the 
heel. Inferior. A narrow surface, convex trans- 
versely, and considerably wider behind than be- 
fore. Posteriorly, it presents two ¢ubercles, sepa- 
rated by a rough depression; anteriorly, a single 
tubercle, and, in front of it, a little transverse groove. 
Of the posterior tubercles, the externa/, small and 
rounded, gives attachment to a muscle; A the internal 
and larger attaches two muscies,z and presents, 
first, a broad inferior surface, for the support of the 
heel ; secondly, a prominent izmer border, which, by its 
lateral projection, deepens the concavity of the inter- 
nal surface. From the depression between these tu- 
bercles, a long ligament takes rise ; another, shorter 
and less superficial, is attached to the anterior tuber- 
cle; and a third set of fibres, shortest and deepest of 
eRe AL Sik 8 pt B EB Ra 8 Rs ne ee 

f The anterior-external fibres of the interosseous 
astragalo-calcanean ligament ; also the superior cal- 
caneo-scaphoid, and the internal calcaneo-cuboid 
ligaments. 

g Extensor brevis digitorum. 

A Abductor minimi digiti. 

¢ Adductor brevis pollicis, and flexor Greats digi- 
torum. (The former arises on the inner side of the 
latter, from the prominent internal margin of the 
tubercle. ) 
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all, isimplanted into the depression in front of the 
anterior tubercle.k The striated surface between 
the anterior and posterior tubercles gives origin to 
muscular fibres. Hxternal. This surface presents, 
near its centre, a prominent tubercle for the attach- 
ment of a ligament.m Behind this tubercle is a 
wide, even surface, giving attachment at its upper 
and anterior part to a small ligament; 7 before it is 
a narrower surface, belonging to the greater process, 
and presenting two oblique grooves, separated by a 
tubercular ridge. ‘The grooves, which run downward 
and forward, transmit two tendons ;0 the intervening 
ridge gives attachment to anaponeuroticslip.p Inter- 
nal. This surface is surmounted, in front, by the lesser 
process, and elevated, at its posterior-inferior corner, 
by the lateral projection of the large tubercle of the 
heel. Traced diagonally from one eminence to the 
other, it presents a concavity of considerable depth ; 
in the opposite sense it isconvex. Its concavity repre- 
sents a wide groove, directed obliquely downward and 


k These ligaments are called by Meckel the su- 
perficial, middle, and deep layers of the calcaneo- 
cuboid ligament. The first is commonly called the 
long plantar—the second and third together, the short 
plantar ligament. 

Zz Of the flexor accessorius, and flexor brevis 
digitorum. 

m Middle external lateral. 

nm External astragalo-calcanean. 

o The superior groove transmits the tendon of the 
peroneus brevis; the inferior, that of the peroneus 
longus. 

p Aslip of the external annular ligament, 


416 CALCANEUMe 


forward, for the transmission of nerves, vessels, and 
tendons,g to the sole of the foot. The line of junc- 
tion between this and the inferior surface gives ori- 
gin to a muscles The LESSER PROCESS is a curved 
plate of bone, projecting horizontally inward from 
the anterior-superior part of this surface: above, it 
supports the astragalus by an oval concave articular 
surface, already described ; below, it is convex, and 
channelled longitudinally by a deep groove (some- 
times double) for the transmission of two tendons.s 
The circumference of this apophysis. is continuous 
externally with the body of the bone, elsewhere free 
and rough for the attachment of ligaments.t Pos- 
terior. Wider below than above, and divided into 
two parts—an inferior, convex, and rough for the at- 
tachment of a tendon;z a superior, less extensive, 
flat, and in the recent subject covered with a thin 
layer of cartilage, and a synovial bursa, over which 
the tendon plays. Anterior. A smooth, sinuously 
curved surface, of irregularly triangular form, cor- 
responding to the posterior surface of the cu- 
pe nt Se ee es a Se ee 

q Plantar nerves and vessels, and flexor ten- 
dons. 

y Flexor accessorius. 

s Flexor longus pollicis, and flexor communis di- 
gitorum. (When there are two grooves, the latter 
tendon runs in that which is internal, or nearest the 
tip of the process.) 

t The superficial layer of the internal lateral liga- 
ment, the inferior calcaneo-scaphoid ligament, and 
some astragalo-calcanean fibres. 

« That of the gastroc nemius, called the tendo 
Achillis. 
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boid bone. Its inner side is surmounted by a 
little horizontal prominence which, in the articu- 
lated tarsus, meets a corresponding prolongation 
of the cuboid, the two processes mutually embracing 
each other. Traced from the tip of this process 
downward and outward, the surface is concave in 
the greater part of its extent, convex for a small 
Space below. In the opposite direction it is plane, 
except at the base of the little overhanging promi- 
nence, where it is transversely convex. This surface 
forms the anterior aspect of the GREATER PROCESS. The 
superior, inferior, and lateral aspects of this process 
are continuous with the corresponding surfaces of 
the rest of the bone, and their description has been 
included in the foregoing account. The only surface, 
indeed, on which the longitudinal extent of the 
greater process is definitely marked, is the superior ; 
where it is limited behind by the convex articular 
surface for the astragalus- 

359. CuBoID Bone. This bone forms a continuous 
line with the calcaneum, in front of which it is placed. 
In shape and position it resembles a truncated pyra- 
mid, with its base turned upward and inward, its 
apex in the opposite direction. The former 
aspect contains at least four times the superficial 
extent of the latter ; whence the shape and obli- 
quity of the other surfaces may be inferred. The 
comparison toa cube, impliedin the name of this bone, 
is therefore inappropriate ; it might be more aptly 
termed the pyramidal bone, in contradistinction to its 
cuneiform or wedge-shuped neighbours. SURFACES— 
Superior, or dorsal. An uneven surface, directed 
obliquely upward and outward, and presenting seve- 
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ral rough ligamentous impressions.« Its inner is 
longer than its outer border, the former dividing it 
from the base, the latter from the truncated apex 
of the pyramid which the bone represents. Inferior, 
or plantar. This surface is more extensive, especi- 
ally along its internal border, than the superior. It 
looks downward and inward, and is traversed by a 
smooth groove, which runs from without obliquely 
inward and forward, for the transmission of a ten- 
don.v This groove is bounded posteriorly by a 
ridge, the prominent outer extremity of which 
(called the ‘wberosity of the cuboid) presents a con~ 
vex cartilaginous facet, for articulation with the 
sesamoia@ bone of the tendon that lies in the groove. 
The ridge, and the surface behind it, are rough for 
the attachment of ligaments,zo and tendinous fibres. 
The anterior lip of the groove, and the whole 
inner margin of this surface, also give attachment to 
ligaments.y Posterior. A smooth triangular surface, 
directed backward and a little outward, for articula- 
sgh toe 6 EL Mi SN ae Ray cg is eS ee 

uw For the attachment of dorsal ligaments ex- 
tending from this bone backward to the caleaneum, 
inward to the scaphoid and external cuneiform 
bones, forward to the fourth and fifth metatarsal 
bones. 

v That of the peroneus longus. 

w The ridge itself attaches the long plantar, the 
surface behind it the short plantar ligament. 

x Kibres of the abductor pollicis, and of the flexor 
brevis minimi digiti. 

y The anterior lip of the groove to plantar liga- 
ments extending from the cuboid to the two last 
metatarsal bones ; the internal margin of the surface, 
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tion with the anterior surface of the os calcis, to the 
- sinuosities of which it is conversely adapted. Its 
inner corner is somewhat prolonged backward be. 
neath the little horizontal process of the caleaneum, 
around the base of which it turns. This mutual 
overlapping of the two bones is so arranged as to 
permit the descent of the cuboid on the calcaneum, 
but to oppose its motion outward or upward. <An- 
terior. An articular surface, of irregularly trian- 
gular form, directed obliquely forward and out- 
ward, and divided by a vertical line into two facets; 
an internal, quadrilateral, concave from above down- 
ward, and articulated to the fourth metatarsal bone ; 
an external, rather larger, of triangular form, slightly 
concave, and articulated to the fifth metatarsal bone. 
Internal. This surface, forming the base of the pyra- 
mid represented by the cuboid, is directed inward, 
upward, and a little forward. It pfesents, at its 
middle and upper part, a small cartilaginous surface 
for articulation with the external cuneiform bone; 
and behind this, occasionally, another smaller facet 
for articulation with the scaphoid. In the rest of its ex- 
tent, it is rough for the attachment of two interosseous 
ligaments.z Hzternal. A narrow surface, directed 
outward and downward, and presenting the com- 
mencement of the groove and ridge that traverse the 
inferior surface. 


to bands passing from the cuboid to the scaphoid and 
external cuneiform bones. 
z Cubo-cuneiform and cubo-scaphoid. 
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INNER DIVISION. 


360. This division comprises the astragalus, the 
scaphoid, and the three cuneiform bones. 

361. ASTRAGALUS. The largest bone of the inner 
division, and, next to the calcaneum, of the whole 
foot. It occupies the middle and upper part of the 
tarsus, resting on the caleaneum below, supporting 
the tibia above, and articulating laterally with the 
two malleoli. It presents in front a smooth con- 
vexity, called the head, which is joined to the body 
of the bone by a constricted portion called 
the neck. SURFACES. Superior. Presents, at its 
posterior part, a large, smooth, ¢rochlear surface,a 
wider before than behind, convex longitudinally, 
slightly concave from side to side, and articulating 
with the tibia. In front ofthis appears the upper as- 
pect of the neck, presenting a rough depression for 
the attachment of ligaments.b Inferior. Presents 
two articular surfaces, a larger and a smaller, sepa- 
rated by a deep groove, which runs from the inner 
and posterior corner of the bone obliquely forward 
and outward, becoming wider and deeper as it ad- 
vances. This groove corresponds to a similar one in 
the calcaneum, (358) forming with it, when the bones 
are united, a canal for the lodgment and insertion of a 
strong interosseous ligament.c Of the articular sur- 
faces, the larger is external and posterior to the 
smaller, which is nearly equal to it in length, though 


a That of the peroneus longus. 

6 Astragalo-scaphoid, and anterior fibres of the 
superficial layer of the tibio-tarsal ligament. 

e Calcaneo-astragaloid. 
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little more than half as wide. Both these surfaces 
are directed downward and backward, and both are 
of an oblong form, with their long diameters extend- 
ing forward and outward, parallel to each other, and 
to the intervening groove. The larger is wider be- 
hind than before, concave in the direction of its long 
diameter, plane in the opposite sense, and articulated 
to the corresponding surface on the body of the cal- 
caueum. The smaller is of elongated oval figure, 
convex longitudinally, and plane in the opposite di- 
rection. It articulates, behind with the lesser pro- 
cess of the calcaneum, and in front with a strong 
ligamentd that stretches beneath it from the calca- 
neum to the scaphoid bone. (The portion of this sur- 
face which articulates with bone, is sometimes sepa- 
rated from that which rests upon ligament, by a 
constriction, or transverse groove, dividing this 
aspect into two facets.) Internal. Presents at its 
upper part a small, slightly concave, articular sur- 
face, of oblong form, continuous above with the tro- 
chlear surface, and covered in the recent subject with 
a prolongation of the same cartilage. This surface is 
directed inward, upward, and a little backward, to 
articulate with a corresponding surface on the inter- 
nal malleolus. Belowit there is a rough excavation 
for the attachment of a strong ligament.e Hzternal. 
Presents in the middle a triangular articular surface, 
larger than the internal, and, like it, continuous above 
with the trochlear surface, and encrusted with a 
prolongation of the same cartilage. It is concave from 


d Inferior calcaneo-scaphoid. 
e Deep layer of the internal lateral, or tibio-tar- 
sal ligament. 


422 SCAPHOID BONE. 


above downward; slightly convex in the opposite 
sense, at its lower part; and directed a little upward 
and backward, as well as outward, to articulate with 
the external malleolus. Below and behind this sur- 
face are some rough ligamentous impressions.f In 
front of it appears the narrow outer border of the 
neck, also rough for the attachment of a ligament. g 
Posterior. A surface of small extent, traversed by a 
groove which runs obliquely downward and inward, 
and serves for the transmission of atendon.h Ante- 
riore A convex surface, of oval form, somewhat 
broader at its cuter than at its inner exiremity, and 
obliquely placed, so that its long diameter runs in- 
ward and downward. It formsthe head of the as- 
tralagus, and is received into the cavity of the sca- 
phoid bone, which, however, it somewhat exceeds in 
length. The inner extremity of this surface is se- 
parated from the corresponding extremity of the 
under surface by a triangular space, covered with 
cartilage, and directed obliquely downward and in- 
ward to meet the inner fibres of a strong gene 
on which it plays. ¢ 

362. ScAPHOID, oR NAVICULAR BonE.—A bone of 
oval form, presenting articular surfaces before and 
behind, separated by a narrow, roughened circum- 
ference. Slightly curved in the direction of its 


f For the posterior division of the external lateral 
ligament, and some external calcaneo-astragaloid 
fibres, 

g Anterior division of tke external lateral liga- 
ene 

h That of the flexor longus pollicis. 

z Inferior calcaneo-scaphoid ligament. 
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length, excavated posteriorly, and more pointed at 
its inner than at its outer extremity, it certainly 
bears sufficient resemblance to a shallow boat, to 
justify the comparison implied in its name. Some- 
what thicker above than below, it is interposed, like 
u wedge, between the astragalus and the cuneiform 
bones ; resting against the oblong head of the former, 
and presenting a corresponding inclination of its long 
axis downward and inward. SurFAcES. Postertor. An 
oval, concave, articular surface, broader externally 
than internally, and somewhat shorter than the head 
of the astragalus, which it therefore imperfectly re- 
ceives. Anterior. An oblong surface, less regularly 
oval than the posterior, presenting from side to side 
a general convexity, divided by two ridges into three 
articular facets. Of these the innermost and largest 
is convex, wider below than above, and articulated 
to the internal cuneiform bone ; the middle, second in 
extent,and distinctly triangular in form,is wider above 
than below, and sinuously curved for articulation 
with the middle cuneiform; while the owtermest and 
smallest of the three, wider above than below, and 
slightly concave, corresponds to the external cunei- 
form bone. Superior. Directed obliquely upward 
and inward; convex transversely, and rough for the 
attachment of ligaments.j Inferior, Narrower 
than the superior, and, like it, rough for the attach- 
ment of ligaments.4 Internal. This end of the 
bone forms a tubercular prolongation, directed 
downward and inward, and called the tuberosity of 


j Dorsal ligaments, radiating from the scaphoid 
to the other six tarsal bones. 
k The inferior caleaneo-scaphoid ligament ; also, 
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the scaphoid bone. It gives attachment to a ten- 
don,t and to part of two ligaments.m External. 
‘This surface is rough for the insertion of a ligament,n 
and sometimes presents a small facet for articula- 
tion with the cuboid bone, to the inner surface of 
whieh it is opposed. 

CUNEIFORM Bones. Three wedge-shaped bones, 
placed side by side at the anterior and internal part 
of the tarsus, with the scaphoid behind them, the 
metatarsus in front, and the cuboid bone on their outer 
side. They are distinguished, numerically, as first, 
second, and third, counting from within outwards; 
or, more commonly, as internal, middle, and exter- 
nal. Each presents six aspects, corresponding re- 
spectively to the base, the cutting edge, the two 
quadrilateral inclined surfuces, and the two trian- 
gular parallel surfaces, of a wedge. They are all 
placed somewhat obliquely, extending a little out- 
ward as well as forward from the front of the sca- 
phoid. This inclination differs from that of the neck 
of the astragalus on one hand, and from that of the 


strong plantar ligaments, extending from the sca- 
phoid to the cuboid, and to the internal cuneiform 
bone ; and some irregular fibres, passing from the sca- 
phoid to the middle and external cuneiform bones. 

Z That of the tibialis posticus. 

m Viz.—first, a strong band extending backward 
from this tubercle to the lesser process of the calca- 
neum, and belonging to the inferior calecaneo-sea- 
phoid ligament; and secondly, some strong fibres run- 
ning forward to the internal cuneiform bone, and 
belonging to the plantar scapho-cuneiform ligament. 

wm Interosseous cubo-scaphoid. 
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metatarsal bones on the other, giving to the inner 
‘division of the tarsus a double curvature, which con- 
stitutes, as we shall presently find, a very important 
feature in its mechanical construction. 

364. INTERNAL CuNEIFORM Bong. This bone is the 
largest of the three, and the only one among them 
that has its base turned downward. Moreover, it 
descends considerably below its fellows, to a level 
with the tuberosity of the scaphoid, with which it 
forms a thick marginal prominence, running along 
the inner side of the tarsus, and deepening the trans- 
verse concavity of its plantar aspect. SURFACES. Pos- 
terior. A triangular. concave surface, wider below 
than above, and articulated with the innermost and 
largest of the three anterior facets of the scaphoid. 
Anierior. A semilunar surface, broader above than 
below, and articulated to the first metatarsal bone. 
It is curiously twisted, so as to look somewhat more 
inward above than below. Superior. A mere edge, 
turned upward and outward, representing the sharp 
border of the wedge, and giving attachment to liga- 
mentous fibres.o Inferior. We have already had 
occasion to notice this aspect, which presents itself on 
the plantar surface of the foot, as a thick tubercular 
ridge, often called the /uberosity of the internal cunei- 
form bone. It attaches several ligaments, p gives in- 


‘o Belonging to the dorsal scapho-cuneiform, and 
dorsal intercuneiform ligaments. 

p The outer side of the tuberosity attaches a liga- 
ment passing to the second metatarsal bone, and ano- 
ther extending to the middle cuneiform bone. Its lower 
side (or the inferior surface of the bone, properly so 
called) attaches plantar ligaments passing backward 
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sertion to two muscles,g and origin toa third.r Inter- 
nal. A broad, quadrilateral, slightly convex surface, 
directed obliquely upward and inward, presenting at 
its anterior-inferior corner a smooth facet, over which 
a tendons turns, elsewhere rough for the attachment 
of ligaments.¢. External. This aspect is skirted by 
a narrow articular surface, consisting of a horizontal 
and a vertical portion, the former running along its 
upper, the latter along its posterior margin. The 
anterior corner of this articular surface is divided by 
a vertical ridge from its posterior portion, so as to 
form a little concave facet which meets the inner 
side of the second metatarsal bone. The remainder 
of the surface, also slightly concave, and continuous 
behind with the posterior surface of the bone, ar-_ 
ticulates with the middle cuneiform. Beneath this 
articular surface there is a rough space, the upper 
part of which is opposed to the middle cuneiform 
bone, and attaches an interosseous ligament ; w while 
its lower portion projects into the plantar region, 
forming the inner side of the tuberosity, and at~ 
taching plantar ligaments, in the manner already de- 
scribed. 


to the scaphoid, and forward to the first metatetsns 
bone. 

q Tibialis anticus, and a slip of the tibialis pos- 
ticus. 

+ Flexor brevis pollicis. 

s That of the tibialis anticus. 

£ Dorsal ligaments, extending from ik bone to 
the scaphoid, middle cuneiform, and first meta 
bone. ; 

uw Intercuneiform. 


, 
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365. MippLe CuneIrorM Bone. This, the smallest 
‘of the three cuneiform bones, is of very regular 
wedge-like form, but alittle wider behind than before. 
It is inserted between itsfellows, with its base upward, 
in the manner of a keystone. But, by reason of its 
inferior size, it fills up only a part of the interval 
between the external and internal cuneiform bones, 
leaving a wide empty space in front, and another, 
much narrower, below. The anterior recess lodges 
the extremity of the second metatarsal bone; the 
narrow interval below is occupied merely by a few 
plantar ligamentous fibres. SURFACES. Poszerior. A 
triangular articular surface, alternately concave and 
convex, corresponding to the sinuously curved trian- 
gular facet on the middle of the scaphoid bone. 
Anterior. A triangular sinuous surface, somewhat 
narrower than the posterior, and directed forward 
and outward to articulate with the extremity of the 
second metatarsal bone. Jnternal. Quadrilateral, 
and skirted along its superior and posterior borders 
by a slightly convex cartilaginous surface, which 
presents a horizontal and a vertical portion, in exact 
correspondence with the marginal surface on the outer 
aspect of the internal cuneiform (364), with which 
it articulates. Below this articular surface is a 
rough depression for the insertion of a ligament.v 
External. This surface presents, posteriorly, a 
smooth facet, concave from above downward, and 
plane in the opposite direction, for articulation with 
the external cuneiform bone. In front of this is a 

v Interosseous ligament between this bone and 
the internal cuneiform. 
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narrow, rough space, for the insertion ofa ligament.w 
Superior. A quadrilateral surface, somewhat wider 
behind than before, forming the base of the bone, 
and rough for the attachment of ligaments.2 Injfe- 
rior. A narrow, tubercular aspect, almost concealed 
by the internal and external cuneiform bones, which 
project below it into the plantar region, approach- 
ing each other as they descend. It gives attachment 
to a ligament.y 

366. EXTERNAL CUNEIFORM Bonk. Intermediate in 
size between the other two, and placed like the 
second with its base upward, this bone occupies a 
very central position in the tarsus. Thus, it bas 
two cuneiform bones to its inner side, the cuboid 
bone (which about equals them in bulk) to its outer 
side, and the middle bone of the metatarsus in front. 
And, as the second metatarsal bone projects back- 
ward into the tarsus, so, on the other hand, does this 
bone, exceeding the cuboid and middle cuneiform in 
length, jut forward between the second and fourth 
bones of the metatarsus ; by which alternate projec- 
tion the tarsus and metatarsus are firmly interlocked, 
and secured from lateral displacement. SURFACES. 


w Interosseous ligament extending from this bone 
to the external cuneiform. 

« Dorsal ligaments passing to the four adjacent 
bones, 

# A short, strong, ligamentous band, extending 
obliquely backward and inward from this surface to 
the outer side of the tuberosity of the internal cunei- 
form bone. (Some anatomists consider this to be 
part of the interosseous ligament between the in- 
ternal and middle cuneiform bones.) 
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Posterior. This surface presents a small, slightly 
convex facet, broader above than below, and di- 
rected backward and inward to articulate with the 
external facet of the scaphoid bone. Below this isa 
little rough space, to which some ligamentous fibres 
are attached.z Anterior. Triangular, and slightly 
concave, for articulation with the third metatarsal 
bone. Internal A quadrilateral surface, present- 
ing two articular facets; a smaller, situated at its 
anterior-superior corner, and articulating with the 
outer side of the second metatarsal bone; a larger, 
running along its posterior margin,—prolonged, and 
slightly convex, in the vertical direction—narrow and 
plane transversely,—directed inward, upward, anda 
little forward, to articulate with the middle cunei- 
form bone. Between these facets is a rough depres- 
sion, for the attachment of aligament.a External. 
This surface, like the last described, presents two 
articular facets ; a smaller, situated at its anterior- 
superior corner, and articulating with the inner side 
of the fourth metatarsal bone; a larger, also poste- 
rior, wider above than below, slighly concave, and 
directed obliquely outward, backward, and down- 
ward, to articulate with the cuboid. The inter- 
vening space is rough, and excavated for the attach- 
ment of an interroseous ligament.b The cuboidal 
articular surface just described is an independent 
facet, having a cartilage proper to itself. But the 


z Afew fibres ranning backward and outward to 
the cuboid bone. 

a Interosseous ligament between this and the 
middle cuneiform bone. 

b Cubo-cuneiform. 
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little metatarsal facet in front of it, and the similar 
metatarsal facet of the internal aspect, are continu- 
ous with the anterior surface of the bone, and 
covered with a prolongation of the same cartilage. 
The surface which articulates with the adjacent 
cuneiform, and the posterior or scaphoidal surface, 
are in like manner continuous with each other—as 
indeed are the corresponding surfaces of all the 
cuneiform bones. (The reason of this continuity 
is, as we shall presently have occasion to explain, 
that the seapho-cuneiform and inter-cuneiform arti- 
culations are all lined, in the recent subject, by a 
common synovial membrane, presenting but a single 
cavity.) Superior. A quadrilateral surface, repre- 
senting the base of the wedge, directed upward and 
outward, and rough for the attachment of ligaments.c 
Inferior. This aspect appears in the plantar region 
as a tubercular ridge descending lower than the 
second cuneiform bone, but not so low as the first. 
It is directed downward and inward, and gives 
attachment to several ligaments,d to a tendinous 
slip,e and occasionally to a few muscular fibres.f 


c Dorsal ligaments passing hence, in all direc- 
tions, to the contiguous bones. 

_d Plantar ligaments extending to the cuboid and 
internal cuneiform bones, also a strong fasciculus, 
passing transversely to the fifth metatarsal bone, 
and some fibres running forward to the third meta- 
tarsal bone. 

e From the tendon of the tibialis posticus. 

f Of the flexor pollicis brevis. 
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367. The seven bones that have now been de- 
scribed compose a region of elongated form, narrow 
and free behind, where it rests upon the ground, 
gradually widening towards its anterior extremity, 
which is supported by the metatarsus. This region, 
which forms of itself the posterior moiety of the vault 
of the foot, presents a longitudinal and a transverse 
curvature ; so that it is convex in both directions 
above, and concave in both directions below. It is 
also twisted, so to speak, upon itself, in such a man- 
ner, that its posterior half is most extensive in the 
vertical dimension, and consists of bones piled one 
upon the other; while its anterior half, on the con- 
trary, is most extensive transversely, and consists of 
bones ranged side by side. Hence, each of the four 
principal aspects of the tarsus,—viz., its superior, in- 
ferior, and two lateral aspects,—presents a surface at 
one end, narrowing to a border at the other. Thus, 
the superior aspect presents, in front, an expanded 
convex surface, formed by the scaphoid, cuboid, and 
three cuneiform bones; behind this appears the 
comparatively narrow trochlea of the astragalus; 
and, still further backward, the upper border of the 
projecting lever of the heel, So, too, the inferior 
view presents, in front, the wide excavated under- 
surface of the anterior group of bones; and, be- 
hind, only the narrow lower aspect of the lever of 
calcaneum. Again, the inner aspect presents, in 
front, a border formed by the tuberosity of the in- 
ternal cuneiform and scaphoid bones, and by the 
neck of the astragalus; and, behind, an expanded 
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surface, formed by the inner side of the body of the 
astragalus, and by so much of the corresponding as- 
pect of the calcaneum as lies behind its lesser pro- 
cess. In like manner, the oufer aspect presents, in 
front, a border formed by the narrow outer side of 
the cuboid bone, and greater process of the calca- 
neum ; and, behind, an extensive surface formed by 
the bodies of the astralagus and calcaneum. Of 
these aspects the inferior is remarkable for its irre- 
gular tubercular appearance. Thus, it presents, 
posteriorly, the three tubercles of the calcaneum ; in 
front of these, the oblique ridge of the cuboid, and 
the tubercular lower border of the external cunei- 
form bone ; while, further inward, appear the tube- 
rosities of the internal cuneiform and scaphoid bones, 
which, though they appear on the lateral aspect of 
the tarsus, project downwards also into the plantar 
region, so as to form a thick ridge along its inner 
margin. This surface also presents the two prin- 
cipal tendinous grooves of the tarsus, one (sometimes 
double) on the lesser process of the caleaneum, the 
other onthe cuboid bone. The former is continuous 
behind with the oblique groove on the posterior extre- 
mity of the astragalus; (361) the latter leads exter- 
nally to the inferior of the two oblique grooves on the 
outer surface of the caleaneum. (358) The dorsum of 
the tarsus is comparatively smooth andlevel. It pre- 
sents, posteriorly, the trochlea of the astragalus (the 
centre of which surface corresponds with the point of 
junction between the posterior two-fifths and the 
anterior three-fifths of this aspect.) In front, anda 
little to the outer side of this articular eminence, 
appears an excavation of considerable size and 
depth, which may be called the dorsal fossa of the 
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tarsus (in contradistinction to its plantar excavation). 
This fossa is bounded, befow, by the greater process 
of the calcaneum ; behind, by the body of the astra- 
galus ; and above and on the inner side, by the neck 
of the astragalus, which arches over it obliquely for- 
ward and inward. In front and externally, it is open. 
it lodges part of the interosseous ligament that con- 
nects the astragalus and calcaneum ; it also gives at- 
tachment to two other ligaments,g and a muscle.h 
It is continuous behind with the oblique canal 
formed by the junction of the grooves of the astraga- 
lus and caleaneum ; of which canal, indeed, it may 
be considered as the expanded extremity. Of the 
lateral aspects of the tarsus, the internal is somewhat 
convex, the external nearly flat ; each presents at its 
upper and posterior part the articular surface for the 
corresponding malleolus. Below this surface, on 
the outer side, appears the external surface of the 
body of the calcaneum, with its central tubercle for 
the attachment of a ligament.z Further forward 
may be observed, in succession, the two oblique 
grooves of the caleaneum, with the ¢ebercle which 
separates them,—and the dubenosity of the cuboid, 
with its smooth facet for articulation with the sesa- 
moid bone of a strong tendon.7 Below the malleo- 
lar surface, on the inner aspect, appears a rough 
depression of the astragalus ; and below this, again, 


g Superior calcaneo-cuboid, and external calca- 
neo-scaphoid. 
A Extensor brevis digitorum. 
« Middle division of the external lateral ligament 
of the ankle-joint. 
j That of the peroneus longus. 
FF 
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the tubercular extremity of the lesser process of the 
calcaneum ; both attaching internal ligaments of the 
ankle-joint. & 
369. Of the extremities of the tarsus, the posterior 
presents only the hinder aspect of the caleaneum, 
and requires no notice here. The anferior, on the 
contrary, isa very remarkable border, formed by the 
cuboid and the three cuneiform bones. It is trans- 
versely curved so as to present a convexity upward, 
and it inclines from within obliquely outward and 
backward, so that its inner extremity (formed by the 
first cuneiform bone) occupies a position full half an 
inch in advance of its outer extremity (formed by 
the cuboid bone). It is rendered uneven by the 
projection of the internal and external cuneiform 
beyond the level of the middle cuneiform and cuboid 
bones. Of this arrangement we shall have occasion 
to speak more particularly in our description of the 
metatarsus, with which this border articulates. 
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370. This division of our subject includes, first, a 
description of the ¢tbio-tarsal, or ankle joint, by 
which the foot is hinged to the leg; and, secondly, 
an analysis of the znfertarsal joints, and of the 
mechanical arrangements which give elasticity and 
strength, together with a considerable degree of mo- 
bility, to this region of the foot. 

371. The articulation of the ankle is a ginglymus 


k The astragalus attaches the deep, the lesser 
process of the caleaneum the superficial layer, of the 
internal lateral ligament. 
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or hinge joint, capable of angular motion in the ver- 
tical plane, to the extent of about 35°. It is effec- 
tually seeured from lateral dislocation by the pro- 
jection of the malleoli, which descend, one on each 
side of the astragalus, forming a sort of box for its 
reception; so that luxation on either side is abso-= 
lutely impossible, except in case of fracture of the 
corresponding malleolus. Another provision, tend- 
ing to maintain the bones firmly in their relative 
position, consists in the shape and adaptation of the 
opposed surfaces. The trochlea of the astragalus 
presents a median groove, andtwo lateral elevations, 
respectively receiving, and received into, a median 
ridge, and two lateral depressions on the terminal 
surface of the tibia. In the median position of the 
foot, when it rests horizontally on the ground, the 
astragalus receives the pressure of the tibia at right. 
angles, and none of the ligaments of the ankle-joint 
are put upon the stretch—a circumstance which may 
be noted as one of the conditions on which the ap- 
titude of man for the erect posture depends. From 
this median position the foot is raised, in flexion, 
about 10° or 15°, and depressed, in extension, be- 
tween 20° and 25°; the former movement being 
checked by the posterior, and the latter by the an- 
terior ligaments of the joint. In flexion, the wide 
anterior extremity of the trochlea of the astragalus is 
brought between the two malleoli, and completely 
fills the intervening space; so that, in this attitude, 
no lateral movements of the joint are possible: but, 
in extension, the narrow posterior extremity of the 
trochlea comes between the malleoli, only partially 
filling the space bounded by those processes ; so that, 
in this posture, slight lateral, or rather rotatory 
FF 2 
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movements, by which the toes are pointed a little 
inward or outward, may be performed. And this 
I take to be the true explanation of the fact 
that the trochlea of the astralagus is narrower 
behind than before,—a fact of which anatomical 
writers have not hitherto pointed out the meaning. 
Cruveilhier has evidently overlooked it, in asserting, 
without reference to any particular position of the 
foot, that lateral movement of the astragalus ne- 
cessarily involves displacement or fracture of the 
external malleolus. Bourgery goes to the other ex- 
treme, in attributing to the ankle-joint movements of 
adduction and abduction, by which the sole is turned 
inward or outward. Each of these movements 
would involve partial separation of the opposed sur- 
faces ; so that the tibia would touch the astragalus on 
the inner side only, in adduction,—on the outer side 
only, in abduction. I have satisfied myself, by re- 
peated observation, that the ligaments permit no 
such separation of the bones; which, even if possi- 
ble, would probably injure the joint, by causing an 
undue accumulation of pressure on particular points 
of its articular surfaces. 

The proximity of the ankle-joint to the heel 
is an important feature in the organisation of the 
limb. It not only determines the leverage of the 
extensors of the foot, and the proportions of velocity 
and force in the motions which they produce, but it 
enables us, by simply elevating or depressing the 
knee, to modify the character and properties of the 
support which the foot affords to the leg. In the 
former posture, when only the anterior extremity of 
the sole touches the ground, force is transmitted very 
indirectly, and by the intervention of a long spring, 
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to the tibia: in the latter position, on the contrary, 
when the heel rests on the ground, a comparatively 
direct and rigid support is afforded to the leg. The 
first described attitude is employed to distribute the 
force of sudden concussion (that of a jump, for exam- 
ple) ; the second posture is assumed when the foot 
is required to sustain some heavy continuous pres- 
sure (that of the trunk, for instance, augmented, as 
it often is, by the addition of a ponderous burden). 

This explanation may be confirmed, and the ad- 
vantage of the existing arrangement illustrated, by 
considering the effect of a different structure. 

If the trochlea were situated at a greater than its 
actual distance from the heel—if, for example, the 
tibia were supported on the centre of the pedal arch 
—the aptitude of the limb to sustain pressure and 
concussion would be diminished. Sudden shocks on 
the anterior extremity of the sole, being received by 
a shorter spring, would pass more abruptly to the 
leg ; and continuous pressure, finding its way less 
directly to the ground, would strain more severely 
the bony and ligamentous structure of the foot. If 
facts are required in further corroboration of these 
views, we may refer, on the one hand, to the violent 
concussion of the whole body, occasioned by a fall 
upon the heel; and, on the other, to the strain on 
the plantar ligaments, resulting from an attempt to 
support a heavy burden while the heel is elevated 
from the ground. 

372. The mechanism of the ifertarsal articula- 
tions may be considered with reference, first, to mo- 
bility, and, secondly, to elasticity. Whe astragalo- 
ealcanean, astragalo-scaphoid, and calcaneo-cuboid 
joints, are capable of comparatively extensive move- 
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ments, by which the attitude and direction of the: 
foot are visibly changed. The remaining articula-. 
tions, including the three scapho-cuneiform, the two 
intercuneiform, and the cubo-cuneiform joints, toge-. 
ther with the cubo-scaphoid (when it exists), are sus- . 
ceptible only of very limited movements, contributing | 
to the general flexibility and elasticity of the tarsus, , 
but producing no sensible alteration in its posture. 
The seven last-mentioned joints are, in the recent 
subject, all lined by a common synovial membrane, 
which covers the front of the scaphoid, and the pos- . 
terior surfaces of the three cuneiform bones, sending 
prolongations between them, as well as into the cu- | 
bo-scaphoid joint (when it exists), and from thence | 
into the cubo-cuneiform. The calcaneo-cuboid joint | 
has a separate synovial membrane; as also has that 
portion of the astragalo-calcanean joint which lies to 
the outer side of the astrago-calcanean oblique canal. | 
That part of the astragalo-calcanean joint, however, 
which lies on the inner side of the canal, is lined by 
a continuation of the same synovial membrane, 
which covers the surfaces of the astrago-scaphoid 
articulation. The two joints, indeed, appear at first 
sight to be perfectly distinct; the lesser process of | 
the calcaneum being separated, in the skeleton, from 
the scaphoid bone by a triangular interval through 
which part of the articular under-surface of the head 
of the astragalus appears in the plantar region. In 
the recent subject, however a strong ligament 
stretches across the interval from the lesser process 
of the caleaneum to the scaphoid bone, furnishing 
the head of the astragalus with a flexible, yielding — 
support, and presenting a surface along which the 
synovial membrane is reflected continuously from 
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one bone to the other. Thus, though there are ten 
joints in the tarsus, there are only four separate sy- 
novial cavities.2 The shape and curvature of the 
opposed surfaces in these joints having been already 
described, 1 shall proceed at once to consider the 
direction and effect of their several movements, of 
which no full and satisfactory account has hitherto 
been published. 

373. The caleaneum performs upon the astragalus 
a movement of rotation, the axis of which is the 
middle of the astragalo-calcanean interosseous liga- 
ment. ‘The position of this axisis shown at a, in 
the annexed dia- 
gram. It lies be- 
tween the body and 
lesser process of the 
bone, at the junction 
of the two posterior 
thirds with the an- ------~}) 
terior third of its 
length. In rotating 
on this centre, the 
body of the calca- 
neum advances be-_ -------4- 
neath the body of 
the astragalus, while 
its lesser process re- 
cedes beneath the 
neck of that bonie. 
The advance, however, is more extensive than the 


wececce 


. 
Jnannameasoamesn 


1 Sometimes the synovial cavity in front of the 
scaphoid communicates (through the cubo-scaphoid 
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recession, because the centre of motion is further 
from the middle of the body than from the middle of 
the lesser process. Hence the relative position of the 
neck of the astragalus and the lesser process is 
comparatively little changed; but the body of the 
calcaneum advances nearly a quarter of an inch. 
But again, as the body of the calcaneum articulates 
by a convex surface directed upward and forward, 
with a concavity on the astragalus having an oOppo- 
site aspect, it cannot glide straight forward, as it 
might upon a plane surface horizontally disposed, 
but is compelled to descend a little in advancing. 
This descent is from one-eighth to three-sixteenths of 
an inch in extent. A converse adaptation of sur- 
faces compels the lesser process to ascend a little as 
it recedes. Moreover, as the body of the caleaneum 
advances by rotation on a centre situated at itsinner 
side, its advance must be accompanied by a motion 
of its anterior extremity inward (and, of course, of 
its posterior extremity in the opposite direction). 
The effect of this compound movement of the 
calcaneum upon the anterior region of the foot is 
easily traced. The calcaneum articulates in front 
with the cuboid bone, which supports the oufer side 
of the metatarsus and phalanges; while the head of 
the astragalus is connected, by the interventionof the 
scaphoid and cuneiform bones, with the inner side of 
those regions. The effect of advancing the body of the 
caleaneum, while the astragalus remains fixed on the 
tibia, is, therefore, to push forward the outer side of 


joiut) with that which lies behind the scaphoid; in 
which case the number of separate synovial cavities 
in the tarsus is reduced to three. 
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the foot, and to point the toes inward. And the 

effect of lowering the body of the calcaneum, while 

the astragalus remainsstationary, is to depress the 

outer border of the foot, and to give the sole a di- 

rection obliquely downward and inward. To this 

latter effect the zxward motion of the anterior extre- 
mity of the caleaneum slightly contributes. 

The astragalo-scaphoid and calcaneo-cuboid 
joints are nearly on a line with each other, and their 
motions are always simultaneously performed. They 
may, therefore, both be examined at once, as forming 
a double articulation, by which the anterior and pos- 
terior moieties of the tarsus are moveably jointed to- 
gether. The oval, convex head of the astragalus, 

_ and the sinuously con- 
cave anterior surface 
of the calcaneum, are 
represented respec- 
tively at A and B, in 
the annexed diagram 
(taken, as the student 
will observe, from the 
left foot). The conca- 
vity of the calcaneum represents a shallow groove, 
running obliquely downward and inward, in the di- 
rection } b, parallel to the long diameteraa of the 
head of the astragalus. The scaphoid bone descends 
obliquely inward upon the head of the astragalus, in 
the direction of its long diameter, a a. The cuboid 
performs a parallel movement on the calcaneum,— 
gliding in the direction 6 6 of its shallow groove. 
But the cuboid descends further than the scaphoid ; 
whence it follows that the latter bone executes a 
rotatory movement on the head of the astragalus, in 
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addition to its descent, or flexion, thereon. Further,, 
the head of the astragalus being convex, inclines; 
obliquely backward below its centre, so that the sca-. 
phoid, in descending upon it, also recedes a little., 
The effect of the oblique descent of the scaphoid| 
bone, and of its recession, is to increase the con-. 
vexity of the antero-posterior arch of the foot, and| 
to point the toes inward. The rotatory motion occa-: 
sioned by the cuboid descending further than the) 
scaphoid bone, has for its effect to depress the outer: 
and to raise the inner border of the foot; so that the: 
sole is turned obliquely inward. 

When these movements of the two Jast-. 
described joints are performed concurrently with| 
those of the astragalo-caleanean articulation, the| 
posture of the foot undergoes a considerable change.. 
The toes move inward from their median pesition, 
describing an arc of about 25 degrees, and the outer’ 
border of the foot is brought into a plane about an 
inch and a half below the level of the inner border. 
The opposite movements restore the foot to its median | 
position; and may be continued further, so as to turn. 
the toes and the plantar surface outward. This) 
action, however, is less extensive than the former. 
The outward range of the toes does not exceed 10 | 
degrees, and the elevation of the outer border is small 
in proportion. 

374. Having thus examined the more extensive 
motions of the tarsus, we may next consider the ob- 
secure, but not less important movements upon which 
(so far as the bones are concerned) the primary and 
essential quality of this region, viz. its elusticity, de- 
pends. To facilitate this analysis, which. has not 
hitherto been attempted by anatomists, I have made 


ee 
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use of the method previously employed in determining 
the complicated motions of the carpal bones (280) ; 
a method which consists in tracing the course and 
distribution of concussions transmitted along each of 
the five terminal columns of the limb. 

When we alight, in jumping, upon the anterior 
extremity of the pedal arch, part of the force of impact 
bends the ankle-joint, depresses the heel, and tells 
upon the muscles of the calf, which yield to it in the 
manner of a spring, while another portion, which in- 
creases as the foot is pointed more directly down- 
ward during the concussion, passes longitudinally 
through the tarsus to the tibia. It is with this latter 


_ portion that we are at present concerned; and its 


distribution will be readily understood by the aid of 
the subjoined diagram,which represents the tarsus and 
the posterior part of the metatarsus, as seen from 
above. A Ais the caleaneum, B the cuboid, CC 
the astragalus, D the scaphoid, E, F, and G, the 
internal, middle, and external cuneiform bones ; 
while the figures 1, 2, 3, 4,5, are placed each upon 
the metatarsal bone of which it is the numerical ap- 
pellation. The arrows J, m, n, 0, and p, show the 
direction in which the force arrives; and the smaller 
arrows bb, cc, dd, ee, ff, it, kk, indicate its subse- 
quent distribution. 

The three cuneiform bones (£, F, G) run obliquely 
forward and outward from the scaphoid bone ; while 
the three first metatarsal bones (1, 2,3), which they 
respectively support, run obliquely forward and 
inward, Thus each cuneiform bone forms, with the 
corresponding metatarsal bone, an obtuse angle hay- 
ing its apex directed outward. From this arrange- 
ment it results, that concussion transmitted through 
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the first metatarsal to the internal cuneiform bone, is: 
divided in the manner indicated by the arrows b 6, a) 
portion passing on to the scaphoid (D), while the re-. 
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‘Mainder tells obliquely upon the middle cuneiform 
bone (Ff). A shock passing through the second meta- 

tarsal bone(2), is divided, first between the middleand 
external cuneiform bones ( F and G@), as shown by the 
arrows cc, and again between the scaphoid and ex- 
ternal cuneiform bones (D and G), as represented by 
the arrows dd. In like manner, the force of a blow 
upon the third metatarsal bone is divided, first be- 
tween the external cuneiform and fourth metatarsal 
bones (G and #), as shown by the arrows ee, and 
again between the scaphoid and cuboid bones (D and 
B), in the manner represented by the arrows //: 

Thus, longitudinal concussion of the first three 

metatarsal bones is partially converted, in the tarsus, 
into a lateral force, tending to thrust outward the 
cuboid bone. And it is, I think, for the more effec- 
tual resistance of this pressure, that the base of that 
pyramidal bone is turned inward towards the cunei- 
form bones, instead of appearing above on the convex 
surface of the tarsus. 

That portion of the force of impact which passes 
from the cuneiform bones to the scaphoid, proceeds 
thence through the astragalus (G G) to the tibia. 
In its progress through the tarsus, it traverses a 
bend formed by the obliquity in opposite directions 
of the cuneiform bones and the neck of the astragalus. 
This bend would be angular if the head of the astra~ 
galus were brought immediately into contact with 
the cuneiform bones ; by the interposition of the 
scaphoid bone it is rounded into a gradual curve, the 
convexity of which is turned inward, as shown in the 
diagram by the lines aa, a’ a’, and a” a”. This curve 
yields beneath concussion, its convexity increasing 
during the passage of the force, and being restored 
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immediately afterwards (by the action of the ligaments 
and tendons) to its previous condition. 

This curvilinear arrangement of the inner divi- 
sion of the tarsus is analogous in its effects to the 
double inclination of the seaphoid bone in the corre- 
sponding division of the carpus, and susceptible (as I 
shall presently endeavour to show) of a similar 
explanation. 

The outer division of the tarsus presents a more 
massive structure, less elastic, but in an equiva- 
lent degree more rigid than the inner. The two 
bones of which it consists are large, and placed nearly 
in a right line with each other, as shown in the dia- 
gram by the linesg g and Ah, representing respect- 
ively the longitudinal axes of the calcaneum and 
cuboid bones. Shocks transmitted along the fourth 
and fifth metatarsal bones, which this division of the 
tarsus supports, pass almost directly through the 
cuboid to the calcaneum; the only distribution of 
their force being that which takes place at the oblique 
cubo-metatarsal articulations (see the arrow-heads 
iz andkk). 

The explanation of this difference in the me- 
chanical construction of the opposite sides of the 
tarsusis obvious. Itis upon the ball of the great toe 
and the adjacent portions of the sole that we usually 
alight in jumping and similar actions : it is therefore 
by the inner division of the tarsus that the most 
numerous and most violent concussions are sustained, 
and that elasticity is chiefly required. Hence the 
advantage of its numerous obliquely-jointed bones, 
and its curvilinear arrangement. The outer division, 
on the other hand, acts principally as a lever stretch- 
ing backward from the metatarsus, beneath the 
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astragalus, to receive the insertion of the great tendon 
‘ofthe heel. To this purpose it is adapted by its 
comparative rigidity, and by the almost rectilinear 
‘disposition of its bones; while its inferior elasticity 
‘jmvolves no additional liability to fraeture, first, 
for the reason, already mentioned, that this side of the 
‘tarsus receives fewer and less violent concussions 
than the other ; secondly, because it does not, like the 
inner division, articulate directly with the tibia. 
Thus, then (to recapitulate these facts), we 
find in the tarsus three distinct curvatures: one in 
the antero-posterior vertical plane, another in the 
transverse vertical plane, a third in the horizontal 
plane. The two vertical curvatures present their 
convexities upward, and serve the double purpose of 
- increasing the strength and elasticity of the tarsus 
in the vertical sense, and of forming a plantar exca- 
vation, in which the nerves, vessels, and muscles of 
the sole are lodged in security from pressure. The 
horizontal curvature is confined to the inner side of 
the tarsus, its convexity is directed inward, and its 
use is to promote the longitudinal elasticity of that 
part of the region in which it occurs. Though it has 
hitherto escaped the attention of anatomists, [regard 
it as a feature of essential importance in the mechani- 
cal construction of this region ; and its existence in 
strong contrast with the rectilinearity of the outer 
side of the tarsus has suggested the longitudinal 
division adopted in the foregoing descriptions: And 
I would propose this plan of classifying the tarsal: 
bones, for general use, as preferable to the old division 
into two transverse ranges like the horizontal rows of 
the carpus, because this latter method, though sanc- 
tioned by high authority, has the inconvenience of 
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leaving the scaphoid bone to be assigned to thet 
anterior or to the posterior row, or to be taken sepa-» 
rately as the vestige of a ¢hird range intermediates 
between the other two, according to the particular’ 
views of individual anatomists. x 

375. The strength of the tarsus, taken to imply its): 
power of sustaining concussion without rupture of they 
arch, or dislocation of its several parts, depends partly' 
on the provisions for elasticity already described, 
partly upon the tenacity and suitable arrangement of| 
the tarsal ligaments; concerning which I shal] have 
some observations to offer on another occasion. Itsi. 
strength, considered with reference to the resistance: 
which each particular bone is capable of offering to) 
direct pressure, depends chiefly upon the distribution): 
of the cancellous tissue, which Bourgery has veryr 
accurately described and figured (Anatomie de} 
? Homme, tom. i. p.129, and pl, 43). He has shownt 
that the direction of the principal fibres of the can-. 
cellous tissue in these bones is by no means indeter-: 
minate, but has a uniform relation to the nature and/ 
direction of the strain which each is required to sup-* 
port. Thus, for example, a vertical section of thes 
calcaneum from end to end exhibits the principal) 
fibres radiating from the astragalar articulating sur-: 
face—some horizontally backward to receive the trans-: 
verse strain of the great extensors of the foot,—ab 
considerable number obliquely downward and back-: 
ward, to transmit, through the tubercles of the heell 
to the ground, the pressure received from the astra-:. 
galus,—while a third set run forward, diverging from 
each other as they advance, to strengthen the greater) 
process. As, however, this bone is subject to nol) 
directly vertical pressure, nor to any strain whichil 
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directly vertical fibres would help to resist, so we find 
no such fibres in the cancellous structure, but in 
their place (between the fibres that descend obliquely 
backward and those which descend obliquely forward) 
an empty triangular interval. The same economical 
distribution of materials is observed in all the tarsal 
bones; and it accounts for the great resisting power 
which they possess in proportion to their weight. 


OF THE METATARSUS, 


376. The metatarsus presents a series of five bones, 
of the cylindrical class, separated by four interosseous 
spaces. The bones diverge a little from each other 
at their anterior extremities, which rest upon the 
ground, and articulate with the toes; they are ele- 
vated at an angle of from 25 to 30 degrees posteriorly, 
where they articulate with each other and with the 
tarsus. Like the corresponding bones in the hand, 
they are distinguished by numerical appellations, as 
the first, second, third, fourth, and fifth, counting 
from within outward. The interosseous spaces 
(which are numbered in the same manner) diminish 
in extent from the first to the fourth. They lodge 
several small muscies, of the same name, arranged ina 
dorsal and a plantar series. 


COMMON CHARACTERS OF THE METATARSAL BONES. 


377. The posterior extremity of each metatarsal boneis 
wedge-shaped,m and offers a terminal surface, smooth 
for articulation with the tarsus; a dorsal and a plantar 
aspect, rough for the attachment of ligaments, and 
two lateral aspects, presenting smooth cartilaginous 


m Except that of the fourth, which is cuboidal. 
GG 
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facets, and rough ligamentous impressions, for arti-. 
culation with contiguous bones. The anterior ex-. 
tremity, or head, has a terminal articular convexity,, 
received into the cup-like depression of the cor-.. 
responding phalanx, and extending further back- - 
ward below than above; two Jateral aspects, each) 
presenting a depression, surmounted by a ¢ubercle for 
the attachment of ligaments; a superior aspect} 
marked with a transverse groove also for ligamentous | 
insertion; and an inferior aspect presenting in the 
middle a small semilunar depression, which cor-. 
responds to the flexor tendon, and is bounded on| 
each side by a small articular eminence, continuous |: 
with, and prolonged backward from, the terminal | 
convexity. These elevations, of which the external). 
is the more prominent, may be called, to facilitate 
reference, the condyloid eminences of the head. The 
shaft is curved longitudinally, so as to present 4 con-. 
vexity upward—a concavity on the plantar aspect ; it | 
tapers gradually from the tarsal extremity to the » 
head. In the metatarsal bones of the great and little » 
toe, or first and fifth of the series, it is always dis- 
tinctly prismatic. In the three intervening bones its } 
form, though usually prismatic, varies considerably } 
in different subjects, being sometimes almost cylin- . 
drical, sometimes transversely flattened so as to pre- - 
sent a mere border above and below, 


DIFFERENTIAL CHARACTERS OF THE METATARSAL 
BONES: 


378. The metatarsal bones differ from each other in | 
size. The second is the longest of the series; the | 


” Except the first, which has no lateral articular ° 
facets ; and the fifth, which has none on the outer © 
side. 
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third, fourth, and fifth follow in succession ; the first 
is the shortest of all. On the other hand, the first is 
greatly superior in breadth and thickness to all the 
rest, and, in point of weight, nearly equals any other 
two of the series. The dorsal aspect of the first meta- 
tarsal bone is directed upward and inward ; the cor- 
responding surfaces of: the other bones look upward 
and owfward, and the obliquity of their inclination in- 
creases from the second to the fifth, The three 
middle metatarsal bones differ little in form; the 
first and fifth are distinguished by several peculiarities 
from them, and from each other. 
379. First MeTaTarsaL Bone. The tarsal extremity 
of this bone is distinguished by the absence of lateral 
articular facets ; its terminal surface is semilunar, or 
kidney-shaped, for articulation with the internal cunei- 
form bone; it looks backward, upward, and outward 
(whereas the corresponding surface of the other four 
bones is directed backward and upward, and more or 
less inward). The circumference of this extremity 
is marked with a groove for the attachment of liga- 
ments.o Its inferior angle is prolonged downward 
and outward, forming a rough tuberosity for the in- 
sertion of atendon.p Its outer side gives origin to 
part of asmall muscle.qg The head of this bone is 
remarkable for its breadth, and presents, underneath, 
a median smooth ridge, separating two lateral depres- 
sions which glide on the sesamoid bones of the great 
toe. The shaftis very strong, and its prismatic form 
well marked. Its dorsal surface is smooth, convex, 


o Tarso-metatarsal. 

p That of the peroneus longus. 

q Inner head of the first dorsal interosseous. 
GG2 
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subcutaneous, and directed obliquely upward and in- 
ward ; its plantar aspect is concave longitudinally, , 
plane transversely, wide and directed obliquely in-. 
ward behind, narrower and directed downward int 
front, while in its whole length it is covered by ap 
muscleand atendon.r Lastly, its external surface isi: 
concave longitudinally, plane in the opposite direc-.. 
tion, much wider behind than before, and covered by}; 
a muscle, s to the fibres of which, however, it does not): 
give origin. Of the borders by which these surfaces) 
are separated, the external (also inferior) extendsi 
from the tuberosity of the tarsal extremity to the) 
outer condyloid eminence of the head; the seperior |: 
runs from the upper angle of the tarsal extremity to} 
the external lateral tubercle of the head, and the in-. 
ternal passes from the inner angle of the tarsal]. 
extremity to the inner condyloid eminence of thes 
head. The course of these borders along the shaft) 
requires no particular notice. They are all promi-. 
nent. The external is deeply concave ; the superior \ 
corresponds in the recent subject to a tendon. ¢ 

380. SEconD MgeTATARSAL Bong. The superior length | 
of this bone depends chiefly upon its prolongation | 
backward into the cuneiform recess ofthe tarsus. Its) 
tarsal extremity is wide above, narrow and tubercular '! 
below. The ¢erminal surface of this extremity is! 
smooth and triangular for articulation with the middle 
cuneiform bone. Its nner side presents, at its upper !§ 
part, a smooth facet for articulation with the internal! 
cuneiform bone, and, inferiorly, a rough space for'y 


+ Flexor brevis pollicis, and tendon of the flexor ' 
longus pollicis. 

s First dorsal interrosseous. 

¢ Extensor proprius pollicis. 
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ligamentous attachment. Its outer side presents a 
superior and an inferior articular surface, separated 
by a rough ligamentous depression, and each sube 
divided by a vertical elevation into an anterior anda 
posterior facet. Of the four facets thus formed, the 
two anterior are directed outward and forward, to 
articulate with the third metatarsal bone: the two 
posterior (which are sometimes joined together so as 
to form a vertical linear surface) look outward and 
backward to articulate with the external cuneiform 
bone. The head agrees, in every particular, with the 
common description already given. It is more orless 
flattened from side to side, so that its vertical exceeds 
its transverse diameter. Its lateral tubercles are pro- 
-minent, and its upper surface presents a transverse 
ridge for ligamentous attachment. The shaft of this 
bone, in well-marked specimens, presents an inferior 
and two lateral Zines, separating a superior and two 
lateral surfaces. The lateral lines commence, poste- 
riorly, one on each side of the dorsal aspect of the 
tarsal extremity; approach one another as they 
advance ; and diverge again, near the head, to termi- 
nate each at the corresponding lateral tubercle. The 
inferior line commences at the lower border of the 
tarsal extremity, runs along the shaft, keeping to the 
outer side of its median line, and bifurcates in front 
to terminate at the two condyloid eminences on the 
under surface of the head. From the course of 
these lines the shape of the intervening surfaces may 
beinferred. The swperior surface is narrow in the 
middle, where the lines approach each other, and 
expands a little at each extremity in consequence of 
their divergence. It looks upward and a little out- 
ward, and corresponds to the second extensor tendon, 
The Jateral surfaces are separated above by the width 
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of the aspect just described, but they meet below at): 
the inferior border. As this border lies to the outer + 
side of the median line of the shaft, the internal lateral | 
surface extends further round the bone, inferiorly, , 
than the external. (The lower part of the internal | 
surface, indeed, looks so much downward that it is « 
sometimes described separately as a plantar aspect.) | 
By its lateral surfaces, and by the under side of its i: 
tarsal extremity and of its head, this bone gives pare ». 
tial attachment to three muscles.z 

38]. TuirD METATAKSAL Bong. The Zarsul extremity |) 
of this bone articulates, by a triangular terminal sur- -- 
face with the external cuneiform bone, by two facets » 
on its inner side with the second metatarsal bone, , 
and by a single facet on its outer side with the third | 
metatarsal bone. The shuft and head exactly re- - 
semble those of the bone just described. It gives } 
partial attachment to five muscles.v 

382. FourTH MeraTarsaL Bonz. Closely resembles + 
the two preceding ones, except at its farsal ex- - 
See) Se eae Ne Ee 

wu The internal lateral surface gives origin to the 
outer fibres of the first dorsal interosseous, and the » 
external lateral surface to the inner fibres of the 
second dorsal interosseous ; a tendinous slip of each } 
of these muscles arises from the under border of the : 
tarsal extremity; and a fasciculus of the transyersus 
pedis from the under aspect of the head.. 

v By its Jateral surfaces to the outer fibres of the : 
second, and inner fibres of the third, dorsal interos- - 
seous muscle ; by the under aspect of its tarsal extre- - 
mity to the first plantar interosseous muscle, and a} 
few fibres of the abductor obliquus pollicis; by the » 
under aspect of its head to a slip of the transversus | 
pedis. 


th 
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tremity, which is of a cuboidal form, and presents, 
posteriorly, a quadrilateral surface for articulation 
with the cuboid bone—on the inner side a smooth 
surface, divided into an anterior facet which 
articulates with the third metatarsal bone, and a 
posterior narrower facet, which articulates with the 
external cuneiform,—and lastly, on the oufer side, 
another facet for articulation withthe fifth metatarsal 
bone. It gives partial attachment to five muscles.w 

383. FirrH MeraTarsaL Bone. The /arsal extre~ 
mity of this bone articulates, behind, by a triangular 
oblique surface, with the cuboid bone, and internally, 
by a flat facet, with the fourth metatarsal bone. Its 
_ outer side presents & tubercular prolongation, called 
the tuberosity of the fifth metatarsal bone, which 
gives insertion to two tendons.x Its upper and lower 
surfaces are remarkably wide. The shaft of this 
bone is very wide posteriorly, but tapers and curves 
outward as it approaches the head. Instead of 
being flattened transversely, like the three preceding 
bones, it is flattened from above downward ; so that, 
whereas they present wide lateral surfaces, and a 
prominent border, on the plantar aspect,—this bone, 
on the contrary, presents wide surfaces above and 
ie) hl ee eee 

w By its lateral surfaces, to the outer fibres of the 
third, and the inner fibres of the fourth dorsal inter- 
osseous ; by the under surface of its tarsal extremity, 
to the second plantar interosseous, to a tendinous slip 
of the third dorsal interosseous, and to a few fibres of 
the abductor obliquus pollicis; and by the under 
surface of its head, to a fasciculus of the transversus 
pedis. 

x To the peroneus brevis, and below that to a slip 
of the abductor minimi digiti. 
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below, and a prominent border on the outer side. 
The head is turned somewhat outward, in conse- 
quence of the curvature of the shaft, and has an ir- 
regular tubercular appearance. This bone gives 
partial attachment to six muscles. y 


OF THE METATARSUS IN GENERAL. 


384. The five bones that have now been de- 
scribed compose a quadrilateral region, rather 
wider before than behind, convex transversely, 
and more slightly so in the longitudinal sense also, 
above ; concave, in both directions, below. Of its 
borders, the internal, formed by the first metatarsal 
bone, is thick and straight ; the external, formed by 
the fifth metatarsal bone, is thin and concave; the 
anterior, represented by the line of heads, is con« 
vex ; the posterior, presenting the range of tarsal 
extremities, is rendered uneven by the projections of 
the second, fourth, and fifth bones, beyond the line 
of the first and third. The mecuants of the meta- 
tarsus is very simple. The tarso-metatarsal and 
intermetatarsal articulations are gliding joints, the 
motions of which, though limited by strong dorsal, 
plantar, and interosseous ligaments, give consider- 
able flexibility to this region, enabling it to mould 


y By its internal surface, to the outer fibres of the 
fourth dorsal interosseous muscle; by the under sur- 
face of the tarsal extremity, to a few fibres of the 
flexor brevis minimi digiti, to the third plantar in- 
terosseous muscle, and to a tendinous slip of the 
fourth dorsal ; by the tuberosity, to. the peroneus 
brevis, and to a slip of the abductor minimi digiti; 
and, by the head, to a fasciculus of the transversus 
pedis. 
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and adapt itself to the inequalities of the surface on 
which it rests. The mutual interlocking of these 
joints tends evidently to secure the bones, both of the 
tarsus, aud of the metatarsus, from lateral displace- 
ment. The great strength of the first metatarsal bone 
is explained by the fact, already pointed out, that con- 
cussions are usually received by the ball of the foot, 
and pass along its inner side to the tibia, And 
lastly, the concavity of the under surface of this 
region, together with the similar excavation of the 
tarsus, affords room for the secure lodgment of the 
plantar nerves and vessels. STRUCTURE. Resem- 
bles, on a reduced scale, that of the humerus, and 
other large bones of the cylindrical class. De- 
VELOPMENT. By two points of ossification, one for 
the body, the other for the head, with the exception 
only of the first metatarsal bone, which (like the 
corresponding bone of the metacarpus) has the se- 
cond ossific point at its tarsal extremity—a character 
by which, as we shall presently find, it is assimilated 
to the phalanges. 


OF THE PHALANGES. 


385. The phalanges of the foot resemble, in num- 
ber and general arrangement, the corresponding 
bones of the hand, already described. The toes, 
like the fingers, are five in number, each consist- 
ing of three phalanges, with the exception only 
of the great toe, in which the middle phalanx is 
deficient, and the first articulates immediately with 
the third. Thus, viewed collectively, the toes pre- 
sent a series of fourteen phalanges, disposed in three 
rows, of which the first and third contain five bones 
each, the second only four. The phalanges of each 
of these rows exactly resemble those of the corre- 
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sponding range in the hand—with the exception of 
certain modifications of form, depending evidently 
upon imperfect development.: Thus, the two pha- 
langes of the great toe, which are large and fully de- 
veloped, are exact repetitions of the two phalanges 
of the thumb ; and between the remaining fingers and 
toes the only notable difference is, that these latter are 
of comparatively diminutive size—their first pha- 
langes disproportionately slender,—their second and 
third phalanges mere rudimentary nodules of bone, 
such as either phalanx of a finger would appear, 
if its shaft were deficient, and its two extremities 
joined together. We shall, therefore, to avoid un- 
necessary repetition, refer the student, for further 
information concerning these bones, to paragraphs 
303—8 inclusive ; wherein are described, first, the 
common characters of all the phalanges, and, se- 
condly, the particular characters of each row.z As 
to the precise identification of individual phalanges, 
they are only distinguished among their fellows of 
the same row by their relative size,—which dimin- 
ishes from the first to the last in succession. 

386. In point of structure, also, these bones resem- 
ble those of the fingers. Their movements are of a 
similar kind, but, with one exception, more limited in 
range. The excepted movement is that of extension, 


z Inapplying these descriptions to the foot, the 
student will find two or three verbal alterations ne- 
cessary. Thus, the word mefacarpal must be read 
metatarsal, and the word palmar plantar, &c. It must 
also be remembered that the hand hangs vertically, 
with its dorsum looking backward; whereas the foot 
rests in a horizontal position, with the toes pointed 
forward, and the dorsal surface directed upward. 
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which can be carried a little farther in the toes than 
in the fingers. They are developed by two points 
each, one for the body and one for the metatarsal 
extremity. That of the body appears early in 
foetal life; that of the terminal epiphysis appears, 
in the different phalanges, at various periods be- 
tween the fourth and seventh year after birth. 
The union of the two parts does not take place 
till the seventeenth or eighteenth year. All the 
phalanges give attachment to muscles;@ those 
of the great and little toe have special motors. 
a 3 ee 

a The attachments of these muscles are as follows : 
Extensors. The extensor longus digitorum is at- 
tached to the dorsal surface of the second and third 
phalanges of the last four toes. The extensor brevis 
digitorum is attached to the dorsal surface of the first 
phalanx of the great toe, and of the third phalanges 
of the second, third, and fourth toes. The extensor 
proprius pollicis is inserted into the dorsal surface of 
the terminal phalanx of the great toe. Flexors. 
The flexor longus digitorum is inserted into the 
plantar surface of the terminal phalanx of the last 
four toes. The flexor longus digitorum is inserted 
into the lateral border of the second phalanges of the 
four last toes. The flexor brevis pollicis is inserted 
into the plantar surface of the terminal phalanx of 
the great toe. The adductor and the two abductors 
(oblique and transverse) of the great toe are at- 
tached respectively to the inner and outer side of its 
first phalanx, which also gives insertion underneath 
(by the intervention of the sesamoid bones and cap- 
sular ligament of the metatarso-phalangeal joint) to 
the flexor brevis pollicis. A special abductor and flexor 
are also attached to the first phalanx of the little toe. 
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Their wse in the mechanism of the lower extremity 
seems to be inconsiderable, and is evidently di- 
minished by the custom of wearing shoes. How- 
ever, when their action is unimpeded, they extend the 
surface for the support of the leg, and by grasping 
the little inequalities with which they meet, give ita 
firmer hold upon the soil. They continue to the 
latest moment the pressure of the backward foot 
against the ground, in the various actions of pro- 
gression, They also increase the elasticity of this 
region when opposed, as a spring, to concussion; 
and, when the body inclines too much forward, assist 
in restoring its equilibrium, and preventing its fall. 


OF THE FOOT IN GENERAL. 


387. The general configuration of the foot has been 
noticed in the introductory paragraph of the fore- 
going description (353); and the strength, mobility, 
and elasticity of its structure, so far as they depend 
on the arrangement of the bones, have been fully ex- 
plained in the paragraphs on the mechanism of its 
several regions (370—5, 384, 386). Its uses as an or= 
gan of support and locomotion have also been noticed 
incidentally ; and its analogies to the hand, which 
we have already referred to in general terms, will be 
more exactly analysed in the following chapter. 

388. I have observed a curious fact respecting the 
course of the medullary canals in the hand and foot, 
which, as it tends more closely to assimilate the 
two organs, and may throw light upon a disputed point 
concerning the analogies of certain of their bones, de- 
serves a brief mention in this place. The medullary 
foramen of the first metatarsal bone enters the shaft 
obliquely towards its phalangeal extremity ; whereas 
in the other four metatarsal bones it runs in the op- 
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posite direction, i. e. towards the tarsal extremity. An 
exactly similar difference in direction is observed 
between the medullary foramina of the first, and four 
succeeding bones of the metacarpal region of the hand. 
In the phalanges, both of the hands and feet, the me- 
dullary foramen, when it exists, runs in the same 
direction as that of the first metacarpal (or metatarsal) 
bone,—viz. towards the distal extremity. Thus a 
new analogy is established between the bones that 
support the thumb and the great toe on the one hand, 
and the phalanges on the other. And the constant 
and exact correspondence of the hand and foot in this 
particular is rendered the more remarkable by the fact 
that an equally constant difference exists between the 
two limbs with respect to the course of the medullary 
foramina in their remaining cylindrical bones—those 
of the humerus, radius, and ulna, all running towards 
the elbow, while those of the femur, tibia, and 
fibula, all run from the knee. The reader will find 
a circumstance of a similar nature recorded at note 
z, page 197 supra, with respect to the nutrient fora- 
mina of the ribs; and the questions, appended to 
that note, concerning the purpose and meaning of 
the arrangement therein described, apply with equal 
force to the perplexing facts at present under 
review. The whole subject is extremely interest- 
ing, and its investigation might throw light on the 
analogies of the bones, and on the laws of their deve- 
lopment and nutrition. The first and principal 
object of such an inquiry should be, to discover whe- 
ther the course of the nutrient canals bears any con- 
stant relation to the form or structure of the bones, 
to their mode of development, or to any other de- 
terminate circumstance, 
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OF THE SESAMOID BONES. 


388*. These are little rounded nodules, cartilaginous 
in childhood, bony in the adult, occurring in the sub- 
stance of certain tendons, at points where they come 
in contact with the bones. They are observed in 
various regions of the upper and lower extremities, 
but chiefly in the hands and feet. They are en- 
veloped in fibrous tissue on all sides but one, which is 
more or less flattened, and presents a free, articular 
facet. They increase in number with advancing age, 
and are said to be more numerous in the male than 
in the female, and in vigorous and active individuals 
than in the feeble and comparatively inert. They 
may be divided into two classes: first, those which 
rest on the articular extremities of bones, and enter 
into the composition of joznts ; and, secondly, those 
which are contiguous to cartilaginous facets on the 
tubercular avophyses of bones. The sesamoid bones 
of both classes serve to improve the leverage of the 
tendons in which they occur, by increasing their 
angle of insertion. Those of the jirst class also 
equalise the distribution of external pressure on the 
convexities with which they articulate, and present a 
surface on which gliding movements of considerable 
extent are performed. Those of the second class, 
ov the contrary, are not subject to external pressure, 
nor to gliding movements of any notable extent. 
Indeed, they are not found at the places where the 
tendons rub most against the bones (as, for instance, 
behind the malleoli), but at points near their inser- 
tions, where friction, if it occur at all, is reduced 
toa minimum. For this reason, I dissent from M. 
Bourgery’s opinion that these bones are developed 
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in the tendons and ligaments, “ dans tous les points o% 
ils exercent des frottemens durs sur les os.” 

389. SESAMOID BonEs oF THE Joints. Of these, in 
the foot, two are constantly observed beneath the 
metatarso-phalangeal joint of the great toe, and 
another (sometimes two) of much smaller size, at its 
inter-phalangeal joint. One is sometimes found at 
the metatarso-phalangeal joint of the second toe; 
another, more rarely, at that of the little toe; and, 
still less frequently, rudiments of a similar develop- 
ment occur in the fibrous tissue beneath the third 
and fourth metatarso-phalangeal articulations. The 
two first are the most important. They are elong- 
ated and curved so as to fit the grooves on the 
head of the first metatarsal bone, which glides 
smoothly upon them. They are enveloped in a mass 
of fibrous tissue, formed partly by the capsule of the 
joint, partly by several small tendons. D 

In the hand a similar arrangement is observed. 
There are always two sesamoid bones on the palmar 
side of the metacarpo-phalangeal joint of the thumb, 
and sometimes one of smaller size at its inter-pha- 
langeal articulation. One or two are occasionally 
observed at the metacarpo-phalangeal joint of the 
fore finger ; another at that of the little finger; and 
others, more rarely still, at the corresponding articu- 
lations of the middle and ring fingers. 

The patella, considered with reference to the great 
extensor tendon of the leg, resembles the sesamoid 
bones of this class; but, viewed in its relation to the 
tibia, itis evidently analogous to the olecranon pro- 


6 The two tendons of the flexor brevis pollicis, and 
that of the transversus pedis. 
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cess of the ulna. It may, therefore, be regarded as}: 
a bone of intermediate character, establishing ab 
transition between the sesamoid bones on the one 
hand, and the epiphyses of the long bones on they 
other. This view of its analogies is confirmed by thet 
fact, that the olecranon process sometimes continues: 
through life a separate bone, connected with the shaft’ 
of the ulna only by a fibrous band obviously re-» 
sembling the ligamentum patelle ; a variety of which/’ 
Rosenmiller has recorded an example (261). 

390. SEsAMOID BoNEs OF THE APOPHYsES. Of these, 
one is observed, resting on the tuberosity of the cuboid|: 
bone, in a tendone that lies in its oblique groove 3} 
another appears, in old age, opposed to a smoothil 
facet of the internal cuneiform bone (304), in the sub-» 
stance of a tendon d to which that bone gives insertion ;; 
and a third is usually found at the inner side of the 
astragalus, in a tendon e which passes forward to reachi! 
the tuberosity of the scaphoid bone. To this class off 
sesamoid bones may also be referred the osseo-carti~ 
laginous thickenings which are occasionally found, int 
old subjects, opposite the tuberosity of the radius, 7) 
the trochanter major of the femur, g and at various? 
other points with which tendons come in contact. 

391. SrrucTurE. Of very light cancellous tissue, en-: 
veloped in a thin layer of compact. DEVELOPMENT... 
The ossification of these bones takes place by a singles 
point for each. It commences late, and is not fullyy 
completed till the period of adult age. — 


c That of the peroneus longus. 

d That of the tibialis anticus. 

é That of the tibialis posticus. 

J In the tendon of the biceps flexor cubiti. 
g In the tendon of the gluteus maximus. 
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CHAPTER VI. 
OF THE SKELETON IN GENERAL, 


392. THe human skeleton represents a column, 
larger and heavier above than below, and standing 
erect on a comparatively small base. On the cir- 
cumstance of its upright position many peculiarities 
of its structure depend; while the necessity of 
keeping an elevated centre of gravity within a narrow 
basis of support gives rise to several of its most cha- 
racteristic movements. 

393. The contrast between the thoracic and pelvic 
extremities in man is, perhaps, the most obvious and 
striking indication of his essential aptitude for the 
erect posture. The former are manifestly organs of 
tact and prehension only ; the latter are, as evi- 
dently, adapted exclusively for locomotion and 
support. The arched and massive foot, resting 
horizontally on the ground, articulating at right 
angles with the leg, furnished with very small digital 
appendages, but prolonged into a strong lever at the 
heel, is as well calculated for the base of a column of 
support as itis incapable of grasping, or performing 
rapid movements; while the hand, with its long 
fingers, its opposed, divergent thumb, and its narrow 
Carpus articulated in a right line with the bones of 
the forearm, is, on the contrary, a perfect tactile 
and prehensile organ, but altogether unsuited to 
Sustain or propel the trunk, in the ordinary modes of 
progression. In the quadrupeds and quadrumana 
these organs present no such contrast, but more or 
less closely resemble each other ; the quadrupeds 
being adapted for progression on all fours by con- 
version of the hands into feet ; while the quadrumana 
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are fitted for their climbing habits by a contrary » 
transformation of the feet into hands. It may ' 
further be observed upon this point that in none of | 
the mammalia do the feet present so extensive a | 
surface to the ground as in man. In digitated qua- - 
‘drupeds, such as the dog, the carpus and tarsus are | 
considerably elevated, so that the body is supported | 
entirely by the toes; and in animals having solid | 
hoofs, as for example, the horse, the foot assumes an | 
almost vertical position, so that only the third pha- . 
langes rest upon the ground. 

A similar contrast in point of structure, indi- 
eating a corresponding diversity of function, may ' 
be traced in the other regions of the limbs. The | 
pelvis, for example, is a massive, rigid, hoop of | 
bone, forming a strong foundation for the spine, 
and resting, by deeply hollowed sockets, on the | 
heads of the thigh-bones. The shoulder, on the } 
contrary, is a light and extremely moveable ap- | 
paratus, presenting but shallow sockets for articu- 
lation with the arms, which hence derive greater | 
freedom from motion, but withal less security from | 
dislocation. The bones of the thigh and leg are) 
equally superior to those of the arm and forearm in| 
point of bulk—equally inferior in point of mobility. , 
The forearm and hand can be rotated on the pivot-) 
joint of the radius to to the extent of 90° in all po-. 
sitions of the limb; whereas the rotation of the’ 
tibia and foot on the femur, is only possible during } 
flexion of the knee, and even then, is limited tol 
between 30° and 40° of angular extent. Again, all! 
the joints of the upper extremity bend in the same} 
direction, so that the limb forms an arched line in| 
flexion, by which the hands are brought forward into} 


ERECT ATTITUDE OF THE SKELETON, 467 


a convenient position with respect to the range of 
vision, and the arms are enabled readily to encircle 
any object in their embrace. In the lower extre- 
mity, on the other hand, the articulations bend in 
opposite directions, so as to form a zigzag line in 
flexion ; the knee-joint pointing forward, the hip and 
ancle-joints backward ; by which the limb is better 
adapted to shorten and extend for the propulsion of 
the body, and to yield, in the manner of a twice-bent 
spring, to concussion; but at the same time is 
rendered still more inferior, in point of mobility, to 
the upper extremity. This inferiority, indeed, is so 
marked, that whilst the sole of the foot cannot, by 
any action of the leg, be brought into contact with 
the trunk, there is, on the contrary, no spot on the 
surface of the body, to which the hand may not 
more or less easily be applied, as well by its dorsal 
as by its palmar surface. 

In quadrupeds all these parts are assimilated by a 
more equal distribution of bulk, weight, and mobi- 
lity, between the thoracic and pelvic limbs. The 
scapule are so disposed that the glenoid cavities 
look downward; and, in consequence of the absence 
of clavicles, and the narrow keel-like form of the 
thorax, they come into much closer proximity than 
in man; so that the thoracic extremities, in these 
animals, stand vertically under the forepart of the 
trunk, supporting its weight effectually, but enjoying 
little lateral motion. Lastly, the joints corres- 
ponding in the fore-leg of quadrupeds to the human 
elbow and wrist, as well as those of their hind-leg 
which answer to our knee and ancle-joints, bend in 
opposite directions, so as to take a zig-zag line in 
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flexion; and all their limbs are alike deficient in 
the free rotatory action that distinguishes the fore- 
arm in man. 

394. The spinal columns of man and of the inferior 
mammalia present differences of form and function, 
equally striking, and not less obviously related 
fo the difference in their habitual attitude. In 


quadrupeds, that portion of the spine which ex- 


tends horizontally from the pelvis to the root of 
the neck, usually forms one continuous elliptic arch, 


which, being kept bent by strong ligaments, (as a . 


bow is kept bent by the bow-string), and bearing at 
its extremities on the fore and hinder limbs, is well 
adapted to sustain the constant weight of the viscera 
that are suspended from it, as well as the occasional 
(and often severer) pressure of burdens laid upon 
the back. In man, that portion only of the spine 
which enters into the composition of the thorax, 
presents a dorsal convexity; the lumbar region, 


like the cervical, bends in the opposite direction, | 
giving to the column a triple curvature, by which it | 
is adapted to break the force of longitudinal con- - 


cussions consequent upon its perpendicular position ; : 


In quadrupeds, again, the weight of the skull, , 
bearing at right angles on the extremity of the hori- | 


zontal neck, and increased, in many instances, by the 


growth of massive horns, antlers, or tusks, requires / 
for its support, that the cervical vertebre should be | 
proportionately enlarged; that the spinous pro-. 
cesses of the lower cervical and upper dorsal ver- | 
tebre, from which the ‘great muscles of the neck } 
arise, should be exceedingly prominent, so as to} 
compensate iti some measure for the disadvantageous | 
position of the weight, by rendering the application | 
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of the moving power more direct ; and lastly, that a 
strong elastic fibrous cord (the ligamentum nuche) 
should be extended from the occiput to the promi- 
nent vertebra, in order to assist, in the manner of a 
bearing-rein, in bracing up the head. In man these 
provisions are not required; the neck is vertical, the 
occipital condyles are horizontal, and situated ver- 
tically under the centre of gravity of the head, which 
thus rests of itself in exact equipoise on the summit 
of the spine.@ Hence, in the human snbject, the 
diminutive proportions of the vertebre of the neck ; 
the comparative shortness, and the imbricated dispo- 
sition of the lowest cervical, and adjacent dorsal 
vertebre ; and the rudimentary condition of the 
ligamentum nuche, which is reduced to a mere 
fibrous slip, prolonged upward from the supra- 
spinous ligament of the back and loins. We have 
already, in treating of Daubenton’s angle (p. 144), 
had occasion to point out the difference which exists 
between the human skull and the brute skull, with 
respect to the position and direction of the foramen 
magnum and of the occipital condyles. We may 
here mention, as an additional characteristic of the 
human skull, that the plane of the axes of the orbits is 
parallel to the plane of the jaw, and also, in the erect 
attitude, to the plane of the horizon; a disposition 


a The preponderance of the anterior segment of 
the macerated skull, depends chiefly on the uncom- 
pensated weight of the lower jaw. Weber found 
that a recent head with its encephalon and integu- 
ments complete, would stand in equilibrium on its 
condyles alone, when the face was directed forward 
and slightly upward. 
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which affords to vision a free horizontal range in the 
upright posture of the head, but which would evidently — 
have the effect of directing the eyes vertically down- 
wards, and so preventing horizonal vision, if the head 
were carried in the posture natural to quadrupeds, 
In these latter, accordingly, no such parallelism is 
observed; the plane of the orbits forms an angle 
with that of the jaw; which, in its turn, is more or 
less inclined to the plane of the horizon. 

395. The basis on which the human frame stands 
is a space, bounded laterally by the outer edges of the 
soles of the feet ; behind by a line extending from heel 
to heel, and in front by a similar line joining the toes. 

396. The centre of gravity, in the erect attitude, 
must lie somewhere in the median plane of the body. 
It must also lie somewhere in the transverse vertical _ 
plane passing through the centres of the heads of the 
thigh-boues, on which the trunk is balanced. It must, . 
therefore, lie somewhere in the vertical line in 
which these two planes intersect each other. To. 
find the position of this line of intersection, Weber 
first ascertained, by a pair of plumb-lines, let fall, 
one on each side of an erect living man, opposite the | 
middle of the trochanter major, the points on the 
outer surface of the body which the above-mentioned | 
transverse plane would intersect. These he found to | 
be opposite the mastoid processes above, and the | 
centres of the knee and ancle-joints below. By 
subsequent observation of a skeleton, he found that» 
a plane intersecting these points would also intersect 
both ends of the spine, passing, at the upper extre-_ 
mity of the column, through the atlanto-occipital | 
joint, and at its lower extremity through the sacro- 
lumbar articulation, But the spinal column is) 
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bisected in its whole length by the median plane; so 
that the required line of intersection, containing the 
centre of gravity, passes vertically through both the 
above-mentioned joints, and falls below between the 
feet. Thus much having been determined, it only re- 
mained to ascertain the horizontal plane of the centre 
of gravity ; for which purpose Weber balanced a plank 
across a horizontal edge, stretched on this plank the 
body of a living man, and brought the whole mass to 
equilibrium (employing, to neutralise errors, the 
well-known method of double-weighing). [t being 
now certain, according to the laws of equilibrium, 
‘that the centre of gravity lay directly over the line 
of support, the distance of-its horizontal plane below 
the vertex was found, by measuring, on the edge of 
the plank, the distance from the line of support to a 
line let fall from the vertex. This distance, sub- 
tracted from the total length of the body, gave the 
distance of the centre of gravity above the soles of 
the feet; and by subtracting from this again, first, 
the height of the transverse axis of the bip-joints, 
and afterwards that of the promontory of the sacrum, 
the height of the centre of gravity above those two 
points respectively was ascertained. The following 
table exhibits the results of these measurements in 
millimetres; which 1 have reduced, for the conve- 
nience of the English reader, inte inches, and decimal 
parts of an inch. ; 
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POSITION OF THE CENTRE OF GRAVITY WITH RESPECT 
TO THE VERTICAL DIMENSIONS OF THE BODY. 


Millimet.| Inches, 


Total length of the body -| 1669°2 |65°30853 
Distance of the centre of gravity 

below the vertex . - «| 721°5 |28°406455 
—above the sole . * -| 947-7 137°310949 
—above the transverse axis of 


the hip joints A eee 87°7 | 3454729) 
—above the promontory of the 
sacrum . . ‘ , 8:7 | 0°341519 


Hence it appears that the horizontal plane of the 
centre of gravity lies only a fraction of an inch above 
the promontory of the sacrum; so that, in fact, it 
traverses the sacro-lumbar articulation; which, being 
traversed also, as we have seen, by the median plane, 
and by the transverse vertical plane, contains the 
common point of intersection of all three planes ; 
that is, contains the centre of gravity of the body in 
well-proportioned individuals, while standing erect. 

397. The position of the centre of gravity, however, 
varies more or less with every change in the relative 
position of the parts of the body, ascending if the arms 
are raised, advancing or receding as they are thrown 
backward or forward, and following in like manner 
the various movements and inclinations of the head, 
trunk, and lower extremities. In all these postures, 
it is essential to the stability of the column repre. 
sented by the trunk, that a line dropped vertically 
from its centre of gravity for the time being, should 
fall on some point within its basis. For the fulfil- 
ment of this indispensable condition, we stand habi- 


DISPOSITION OF THE FEET IN STANDING. 473 


tually with the feet so disposed as to furnish the most 
extensive area of support that can be maintained 
without fatigue, or an inconvenient separation of the 
legs. Supposing the outside points 

a@ and b of the heels to coin- 
cide, the greatest supporting area 
would be obtained by turning out 

the toes till the feet formed a right a 
angle with one another. But as 
these points can never in reality coincide, but must 
always be separated by at least double the width of 
the heel, the feet never require to be turned apart 
so far as to form aright angle. When the feet are 
so disposed, that the distance a b between the 
outside points of the heels exactly equals the length 
of the foot, the greatest area of support will be ob« 
tained by turning the feet at an inclination of 60° to 
each other; that is, in @ : 
other words, by turning 
them so that the lines 

ce aand d b, if produced 


\ 

to meet in e, shall make a * ray 
the triangle c e d an 
equilateral triangle. And \ 


I think it may be said, 

that the feet are uncon- e 

sciously, and as it were instinctively, placed at or 
about this angle, when it is desired to plant the body 
firmly in the upright posture. 

398, In standing on one foot, the supporting area is 
of course reduced to the extent of the sole which re- 
mains upon the ground, and the difficulty of balanc- 
ing the body becomes proportionably greater. . This 
difficulty is increased to its maximum when, as in 


474 POSTURES OF DIFFICULT EQUILIBRIUM. ; 


opera-dancing, the heel is raised from the ground,| 
and the body rests entirely on the toes of a single 
foot. In these positions of difficult equilibrium, they 
least displacement of any one portion of the framey 
requires to be compensated by a precisely equivalent; 
movement of some other part in the opposite direc... 
tion, without which the centre of gravity would ber 
carried beyond the area of support, and the body} 
would of necessity be overthrown. It is on the degree! 
of readiness and self-possession with which these’ 
compensating movements are executed, and on the, 
choice of easy and appropriate attitudes for this nice ° 
adjustment of the weight of the body over a con-. 
stantly varying and often extremely narrow basis, . 
that what is called grace of mien and deportment | 
mainly depends; and it is in the conception of atti-. 
tudes not only graceful in themselves, but really : 
natural to different kinds of actions, and suited in | 
each case to maintain the equilibrium of the figure, | 
that the skill of the sculptor in a great measure con- 
sists. Professor Moseley, in his treatise on ‘‘ Mecha- 
nics applied to the arts,’’ (to which useful work I am 
indebted for several of the preceding observations,) 
has introduced, as an illustration of the compensating 
movements by which the body is balanced, a sketch 
of the celebrated statue of the flying Mercury, by 
Juan di Bologna. The god, being in the act of 
springing from the earth, rests only on the extremity 
of the right foot; the body and the left arm are thrown 
forward, and with them the centre of gravity is ad- 
vanced beyond the vertical line passing through the 
contracted basis of support. To bring it into that 
vertical again, so as to restore the equipoise of the 
figure, the sculptor has represented the left leg and 
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the right arm as thrown backward far enough to 
counterbalance the weight in front; and it is evi- 
dently by just such an action that the equilibrium of 
the human body would really, in similar circum- 
stances, be maintained. 

399. The difficulty of restoring the equipoise of 
the body when disturbed, may be increased not only 
by thus diminishing the extent of the supporting 
area, but conversely, by increasing the superincum- 
bent mass while the basis remains the same. Hence 
corpulent persons stand less firmly against violence 
than others. Hence, too, the addition of a heavy 
burden renders it more difficult to restore the equi- 
librium of the body when it has in any way been 
thrown off its balance. In this latter case the body, 
and the load which it supports, form, in a mechani- 
cal point of view, or so far as the question of equili- 
brium is concerned, a single mass, having a common 
centre of gravity. This common centre of gravity 
lies at some point in a line joining the centre of gra- 
vity of the man to the centre of gravity of the bur- 
den sustained. If the weight of the burden is pre- 
cisely equal to that of the body, the common centre 
of gravity will be found in the middle of the line of 
junction, equidistant fr each separate centre of 
gravity. Ifthe weight of either mass exceed that of 
the other, the common centre of gravity will approxi- 
mate the heavier of the two, more closely in propor- 
tion as the excess of weight is greater. It is to bring 
this new centre of gravity vertically over the middle 
point of the basis, that we vary the posture of the 
body in bearing a load ; inclining forward if the weight 
is fastened, like a pedlar’s pack, behind the shoul- 
ders; throwing the head and the upper part of the 
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trunk backward, if, on the contrary, it hangs in front.. 
as an applewoman’s basket, a protuberant belly, andh 
the like; bending laterally, if it is applied on ones 
Side, as in carrying a single pail of water; and lastly, 
keeping the body strictly upright, if the pressure acts 
directly in the median line, as when a tray is borne: 
upon the head, or a pair of pails upon a yoke across} 
the shoulders. 

400. The power of thus swaying and inclining the: 
body in every direction, depends partly on the mo-. 
bility of the trunk on the hip-joints, partly on the 
flexibility of the vertebral column itself. The direc- 
tion and extent of the movements due to the hip- 
joints have already been described (324). The 
general flexibility of the vertebral column, and the 
relative proportions which the cervical, dorsal, and 
lumbar regions respectively contribute to its total 
amount, have been accurately determined by Weber; 
who states, as the mean result of his observations on 
two subjects, that the whole range of the head, in 
approaching the pelvis before and behind, by the 
utmost flexion and extension of which the interver- 
tebral, sacro-lumbar, and atlanto-occipital joints 
susceptible, equals 245° ; of which amount nearly 
two-thirds are due to the jgints of the cervical ver- 
tebre with each other and with the head, one- 
third to the joints of the lumbar vertebrae with each 
other and with the sacrum, and the small remainder 
only to the joints of the dorsal region. This differ- 
ence of flexibility depends, in a great measure, on 

the different shape and aspect of the articular pro- 
cesses in the three regions. In the back, they form 
joints calculated to allow a movement of torsion, 
but to oppose movements from before backward 3; in 
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the loins they permit bending motions of a certain 
extent in every direction, but entirely prevent éorsion ; 
while in the neck their structure is such as to offer 
little or no impediment to motion of any kind. All 
the movements of which the vertebral column is thus 
susceptible, are brought into play by turns, when the 
body is balanced in postures of difficult equilibrium. 
40!. The cases of difficult equilibrium which we 
have hitherto considered, depend on a change in the 
‘normal proportion between the bulk of the supported 
mass and the extent of the area on which it stands; 
whether occasioned by enlargement of the former, or 
by diminution of the latter. We have next to notice 
_a kind of disturbance, still more dangerous to the 
stability of the body, and requiring for its compensa- 
tion a superior degree of skill and agility, only to be 
attained by much practice; a sort of disturbance, in 
fact, to which, for this very reason, most of the falls 
that actually happen are due. I allude to sudden 
irregular motions, communicated from without, 
either to the column itself, or to the surface on which’ 
it rests. Pressure, or percussion, applied directly to 
the body—as in wrestling, boxing, and similar athle- 
tic sports—disturbs the equilibrium, by forcibly re- 
moving the centre of gravity from above the basis, 
Motions impressed upon the supporting surface— 
such, for instance, as the tossing and rolling ofa ship 
at sea, while one stands upon its deck—have the con- 
verse, but precisely equivalent effect, of withdrawing 
the area of support from beneath the centre of gra- 
vity. We usually oppose the tendency to fall, thus 
occasioned, by putting forth one leg (and so extend- 
ing the basis of the column) in the direction éowards 
which the body is propelled, or from which the sup- 
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porting surface is withdrawn. When, however, the 
direction of the disturbing motion is foreseen, anc 
its extent inconsiderable, it may often be counter | 
acted by a judicious inclination of the spine, (in the 
manner just described,) without enlargement, on 
other modification, of the basis of the body. It ig 
in this manner, doubtless, that a tumbler, standing 
erect on the back of a running horse, keeps his 
footing, when endangered by the casual swerving off 
the animal to either side; there being evidently no; 
room, in this case, to make compensation by ex- 
tending the basis of the column laterally. 

402. We need hardly dwell at length upon the 
disturbance of equilibrium which occurs when, after’ 
the body and the supporting surface have for some: 
time moved on together at an equal rate, the motion| 
of one is accelerated, retarded, or stopped, while that} 
of the other continues unchanged. In this case, as! 
in the last, the loss of equipoise evidently depends 
on a change in the normal relative position of the: 
centre of gravity and the centre of the supporting 
area; and its restoration, in like manner, is to be 
effected only in one of two modes; viz., either by 
bringing the former point once more vertically above 
the latter, or by replacing the latter in its proper 
position beneath the former. 

403. The liability of the body to be overthrown by 
either of these causes, is greatly diminished in the 
sitting posture; first, by the enlargement of the 
basis on which the trunk rests; and secondly, by the 
reduction of the height of the centre of gravity above 
the supporting surface. Hence, in sitting, not only 
are the lower extremities relaxed, but the vertebral 
column itself is held erect with less exertion than 
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usual; for which reason we find this posture one of 
comparative repose. Even sitting, however, if long 
continued, ultimately produces fatigue ; perfect rest 
being only possible when the centre of gravity is so 
placed, that the force of gravitation tends to mzin- 
tain, not to alter, its position; a condition which, 
for a jointed framework, such as the human body, 
ean only be fulfilled in the horizontal or recumbent 
posture. 

404. Such are the principal conditions (so far as 
the skeleton is concerned) upon which the erect atti- 
tude of the human body, and the maintenance of 
its equipoise on the narrow basis of the feet, depend. 
We may, in the next place, still confining ourselves 
te the osteological point of view, analyse in a similar 
manner, the several modes of progression natural to 
man; such as walking, running, leaping, and the 
like ; tracing, in each case, the relations which sub- 
sist between the action accomplished, and the organ, 
or system of organs, by which it is performed. 

405. In standing, the limbs are employed only to 
support and balance the body ; in progression, besides 
performing these functions, they have also to act as 
propellers and springs. 

These four conditions of locomotion depend for 
their fulfilment upon certain actions of the limbs, 
which, though subject in each kind of progression to 
partial modifications, are in all cases essentially the 
same. 

Thus, as, in progression, the trunk is always car- 
ried at a level below its full height, the condition of 
support always depends on the power we possess of 
stiffening the limbs when flexed, as well as when 
extended. We shall presently find it a general rule, 


480 PROGRESSION $ ITS FOUR CONDITIONS. 


that the body is supported .at a lower level, in. pro-. 
portion as its rate of progress becomes more swift. 

Again, the equipoise of the body, in progression, is 
always maintained, by inclining it more or less ob= 
liquely in the direction of its advance; the trunk; 
being, in fact, carried and poised on the heads ofj 
the thigh-bones, as a staff is carried and balanced,, 
when it rests, by one end, on a hand moving more or’ 
less rapidly forward. If the staff were balanced] 
vertically, as when standing still, its lower end only 
would advance with the hand ; its centre of gravity! 
could neither be at first set in motion, nor afterwards| 
kept moving against the resistance of the air. Hence,, 
the more rapidly the balanced staff is to be urged! 
forward, and the greater the external resistance (that; 
of a contrary wind, for example,) against. which its) 
motion is to be maintained, the more obliquely must) 
it be carried. So likewise, and for the same reason, 
the swifter the motion of the trunk, and the denser 
the medium, or the stronger the current, by which its 
advance is opposed, the more oblique is its position 
of equipoise on the thigh-heads. 

Propulsion, again, invariably depends upon the 
power we possess of shortening the limbs by flexion 
of the joints, and afterwards elongating them again, 
by.a more or less rapid and forcible extension, while 
applied against a resisting surface. This action may 
be compared to that by which a boat is propelled 
with a pole. The pole rests in an inclined position 
on the bottom of the river, forming, with the upright 
body of the man, an acute angle. The man then 
gradually inclines himself, so as to bring the pole 
and his body more and more into a straight line; 
elongating thus the dim) which the two may be con- 
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‘éeived to represent, by extension of the sort of jornt 
which they form at their angle. 

A similar uniformity is observed in the actions by 
which, in all modes of progression, the condition of 
elasticity is fulfilled. The impact of the foot on the 
ground is always accompanied by a more or less ex- 
tensive flexion of the joints of the planted limb; 
which yields thus beneath the concussion, and causes 
the force to be delivered gradually, instead of passing 
with abrupt and accumulated violence to the trunk. 
This yielding, however, differs from that of an or- 
dinary spring, in two respects; viz. 

First, that it does not diminish in extent as the 
amount of compression increases ; 

Secondly, that it is not necessarily attended with 
recoul. 

These distinctions, to which no physiologist, I be- 
lieve, has hitherto directed attention, involve several 
consequences of considerable importance, both in a 
mechanical and physiological point of view ; the con- 
sideration of which, however, would be inconsistent 
- with the plan of this work, and is, therefore, reserved 
’ for an article on the mechanism of the skeleton, which 
will shortly appear in Dr. Todd’s Cyclopedia of 
Anatomy; to which the reader is, accordingly, re- 
ferred. 

406. There are six principal modes of progression 5 
viz., walking, running, jumping, creeping, swimming, 
and climbing ; of which the two first are adapted for 
ordinary and continuous, and the remaining four for 
occasional use. Each of these modes of progression 
possesses certain characters, capable of exact defini- 
tion, by which it may be distinguished, amidst all its 
modifications, from the rest; while, on the other 
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hand, each alike requires, for its secure and perfect 
accomplishment, the concurrence of the four above- 
mentioned conditions. In each, however, some one 
or two of these necessary conditions obtains more, or 
less, than its usual degree of prominence. Thus, 
in jumping, propulsion and elasticity are particularly 
remarkable ; the former at the beginning, the latter 
at the end, of the action. In walking, on the con- 
trary, comparatively little elasticity is required, on 
account of the small force of impact at each tread. 
In running, the movements by which the equili- 
brium is preserved are strongly marked; and pro- 
pulsion becomes again, as in jumping, a prominent 
feature. In creeping, on the other hand, the actions 
by which the equilibrium is usually maintained, are, 
for the most part, rendered unnecessary by the en- 
largement of the basis on which the body rests. Aud, 
in swimming, the organic provisions for support, and 
for the prevention of injurious concussion, are, in a. 
great measure, superseded by the properties of the 
medium in which the body floats. Climbing, how- 
ever, is an irregular mode of progression, in which 
the relative predominance of the four conditions varies 
with every change in the nature of the obstacles to 
be surmounted. It is, however, sufficiently distin- 
guished, as we shall presently find, by a /i/¢2 constant 
condition, peculiar to itself. 

407. In all modes of progression, we may distin- 
guish the moving body into an active and a passive 
portion—i. e. into the organs carrying, and the burden 
carried. Thus, in walking, running, and jumping, the 
lower extremities are the actuating instruments, while 
the head, trunk, and arms, constitute the passive 
mass on which they act. In creeping, climbing, and 
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swimming, the upper extremities become also active 
organs of locomotion, the head and trunk only re- 
maining inactive. This division, however, must be 
understood in a comparative, not an absolute sense. 
No part of the body is ever strictly inactive in pro- 
gression. The arms, when not employed directly to 
support or propel the trunk, nevertheless assist in 
maintaining its equilibrium ;—performing for this pur- 
pose, as we shall presently explain, certain uniform 
motions, in a regular order of succession. The pre- 
servation of the equilibrum moreover requires in many 
instances certain changes in the position and incli- 
nation of the head and trunk, by which the vertebree 
of the neck and loins are necessarily brought into 
play. On the other hand, it may be observed that in 
all modes of progression the organs of locomotion, 
usually distinguished as active, are relaxed at certain 
intervals, and themselves become passive masses, 
adding their weight to that of the burden sustained. 
With these reservations, however, the division in 
question may be adopted without danger of error or 
misunderstanding ;—and it will be useful in suggest- 
ing some well-marked distinctions between the 
several modes of progression. 

408. Thus, in walking and running, each leg is 
alternately active and passive—one swinging, relaxed 
from the trunk, which at the same time carries it 
forward, while the other is actively engaged in suc- 
cessively fulfilling the four conditions of progression ; 
viz., at the moment of impact, in imparting the re- 
quired elasticity to the tread; subsequently in balanc- 
ing and supporting the body on the narrow basis of 
the planted foot; and lastly, towards the end of the 
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step, in pressing backward against the ground, so as 
to urge the whole mass forward. 

In jumping, on the contrary, no such alternation 
is observed. In this mode of progression the legs are 
simultaneously active, first, as propellers, to give the 
body a projectile motion, subsequently as springs to 
break its fall; and they are simultaneously passive 
and relaxed, during their fight with the body through 
the air. 

In swimming, as in jumping, the legs move toge- 
ther; and their action is, moreover, simultaneous 
with that of the arms; the preparation for a stroke, 
and the act of striking itself, being performed by the 
four members at once. 

Creeping resembles, in this respect, the progression 
of quadrupeds. The motion of each pair of limbs,. 
considered separately, is alternate, like that of the 
legs in walking. The motion of either thoracic limb 
also alternates with that of the pelvic extremity of 
the same side—the former being advanced to take a 
new step, while the latter is stretched backward in 
propulsion. The motion of each thoracic limb is 
neither alternate, nor yet strictly simultaneous, with 
that of the opposite pelvic limb; each action of the 
former slightly preceding the similar action of the 
latter; the object being to rest as long as possible in 
each step on three limbs. That kind of creeping in 
which the belly rests upon’ the ground has in this 
respect considerable analogy with swimming, that 
the trunk is, in both instances, in tmmediate contact 
with the sustaining surface, the earth affording it in 
the one case that direct support which in the other it. 
derives from the zwater. 
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Climbing is in this respect (as indeed in almost 
every other) a variable mode of progression ; being 
performed by motions of the limbs which are either 
alternate, or simultaneous, or wholly irregular, as 
circumstances may require. Climbing, however, is 
essentially characterized by the prehensile action of 
the hands, and the general substitution, in the upper 
extremities, of traction for propulsion, that is, of the 
shortening of the limbs by flexion for their elongation 
by extension, as a means of advancing the body. The 
lower extremities may, or may not, be used in climb- 
ing; but one cannot be said to climb unless some 
fixed object be from time to time grasped with one 
or both hands; and the body be wholly, or in part, 
suspended from, or drawn towards, the point of resist- 
ance so obtained. Provided that this condition be 
fulfilled, climbing takes place, whether the body move 
upward or downward, as in ascending or descending 
a tree, or horizontally, as along a rope stretched in 
that direction ;—whether the actions of the limbs be 
irregular, as in the first-mentioned case, or equally 
uniform with those of walking, as when we goupa 
ladder or the shrouds of a ship. (Hence, in mount- 
ing an easy staircase, without using the bannisters, 
one is said to walk or rum up; but in ascending a 
steep and difficult flight, when one partly also ad- 
vances by grasping and drawing with the hands and 
arms, the mode of progression, though in other re- 
spects unaltered, is converted into climbing’.) 

409. The four last-mentioned modes of progression 
which we have distinguished as occasional, are con- 
sidered, with justice, of less importance than walking 
and running ; nevertheless they claim a share of our 
attention, because, though suited only to circum- 
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stances which, with us, are comparatively rare and 
exceptional, they are in constant requisition among 
uncivilized races of men, who are compelled, by the 
wildness of the regions they inhabit, their warlike 
and predatory habits, and their dependence for food 
upon the chase, to adopt by turns every possible kind 
of locomotion. 

410. And this leads us to observe that it is possibil 
to advance by certain secondary or intermediate modes 
of progression, each partaking of the characters of 
some two of the six above-mentioned. Thus the 
motions of the diver, who propels himself by means 
of the ground, deriving at the same time his principal 
support from the pressure of the water, constitute a 
mode of progression evidently intermediate between 
walking and swimming. There is also, as we shall 
presently find, a pace (called the storming-pace) 
exactly intermediate between walking and running. 
So again, when we ascenda steep hill on all fours, 
using the upper extremities partly as prehensile and 
tractile organs, partly in the manner of legs for ordi- 
nary propulsion, our progression evidently partakes 
in an equal degree of the characters of creeping and 
climbing. And lastly, the act of gliding over level . 
ice (considered separately from the un by which 
impetus is previously acquired) may be regarded as 
a sort of transition between standing and progression ; 
all parts of the body being s¢ationary in relation to 
each other, but in a state of rapid motion ou respect 
to the supporting surface. 

411. All these modes of progression, whether pri- 
mary or eompound, may be assisted, with respect to 
one or more of the four essential conditions, by a7ti+ 
ficial aids, 
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Thus, to diminish the labour of supporting the 
- body, the walker may use a staff or crutch. So, too, 
the swimmer may avail himself of a floating plank, 
or other buoyant object, to compensate for the differ- 
ence in specific gravity between his body and the 
water. §Svilts quicken the pace by lengthening the 
legs, and giving them a wider span over the ground. 
The leaping-pole, again, is a sort of artificial limb, 
which supports the leaper’s body during its flight 
through the air, and lengthens considerably the range 
of his leap. The velocipede is, to the runner, what 
the plank on which he floats is to the swimmer ; both 
assist progression by relieving the limbs from the 
labour of supporting weight, and by enabling them 
to throw so much the more force into the actions of 
propulsion. 

The smooth irons fastened to the feet, by the use 
of which sliding is converted into skating, are arti- 
ficial aids to locomotion not analogous in their mode 
of action to any of those above-mentioned. The 
practical utility and important capabilities of the 
singular mode of progression in which they are em- 
ployed, appear to have been much underrated by 
physiologists; who, while they have taken pains to 
analyse the actions of jumping and swimming, with 
several others of minor significance, have entirely 
overlooked skating. Yet, in cold countries, this art 
is employed not merely as an agreeable exercise, but 
as an ordinary means of travelling from place to 
place ; and there can be no doubt that, under favour- 
able circumstances, it is, of all modes of transit result- 
ing from the direct application of the human loco- 
motive organs, the simplest, the easiest, and the most 
expeditious. 
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412. If, now, instead of the more or less perfect 
artificial fulfilment of one or two of the essential 
conditions of locomotion, we conceive a complete 
realization of all the four by adventitious aids ; if, 
for instance, we conceive the velocipede of the 
runner not only to swpport his body, but also to be 
itself rendered elastic with springs, kept in equipoise 
by additional wheels, and propelled by the applica- 
tion of some external power ; we pass the boundary 
between active and passive locomotion, and arrive at 
the notion of riding. The case of riding, thus 
understood, is beyond the province of physiology ; 
the person so conveyed being, with reference to pro- 
gression, equivalent only to a mass of inanimate 
matter. Riding, however, on the back of a horse or 
other animal, is a case of mixed progression, in which 
the rider is partly active, partly passive, with respect 
to the conditions of support, eguipoise, and elasticity ; 
while the fourth condition, that namely of propulsion, 
is entirely fulfilled by the animal. If, indeed, we 
consider the horse and his rider collectively, as 
forming one moving body, we shall perceive that 
the fulfilment of all these conditions is exclusively 
due to the former. But if,on the other hand, we 
attend separately to the rider, we observe that he is 
by no means passive. but engaged in the execution 
of a series of movements, varying with every change 
in the animal’s pace, yet having for their common 
object to maintain the equilibrium of the body, to 
preserve it by elastic yielding from concussion, and 
to support it at an angle of inclination proportionate 
to the speed af”the motion. . When, indeed, these 
exertions of the rider have to encounter the contrary 
efforts of the animal to relieve himself from his 
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burden, this mode of progression becomes even nore 
fatiguing than walking or running. It is more usual, 
however, to find the motions of the horse and man in 
perfect accordance ; as when, for instance, in turning 
‘a corner at a rapid pace, they both incline, instinc- 
tively and simultaneously, towards the centre of the 
curve described, for the purpose of counteracting the 
centrifugal force by which their common equilibrium 
would otherwise be endangered. 

413. It is evident that the steps of the transition 
by which running thus finally passes into riding, 
have an exact counterpart in those by which swm- 
ming passes into sailing; the supporting plank, 
somewhat widened and hollowed, becoming a canoe, 
which may be poised by ballast, and propelled by the 
wind. In each case organic action is gradually super- 
seded by the progressive introduction of mechanical 
aid. 

414. Lastly, as the various modes of progression 
are thus, in many cases, facilitated by the employ- 
ment of artificial aids, so their difficulties are some- 
times intentionally increased by the introduction of 
artificial impediments. This happens in many ath- 
letic sports and trials of agility or skill. Sometimes, 
for example, we refrain purposely from the use of 
one or more of our limbs; as in hopping with one leg, 
swimming with one hand, and the like. Or we may 
reverse the proper functions of the limbs; as in 
walking on the hands, while the legs, extended in the 
air, are employed to balance the body. Or again, we 
may, in ranuing, pass a cord between the feet and 
the ground at each step, as in the exercise of skipping. 
Or we may whirl round as we advance, still main- 

‘taining the equilibrium of the body, as in waltzing ; 
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or move in a prescribed figure, executing at th: 
same time particular evolutions with the feet, as in 
the several varieties of dancing. None of these 
exercises are uninteresting to the physiologist, wha 
discovers in them all more or less striking evidence: 
of the varied capabilities of the body, and of the pre* 
cision of action to which the limbs may be trained. 
415. In this rapid but comprehensive review o: 
the subject of progression, we have noticed, first, the 
four necessary conditions common to all its varieties | 
secondly, the leading characteristics of its six prin- 
cipal modes, and of the combinations and modifi- 
cations of which they are susceptible ; and finally, the 
artificial aids and impediments, by the gradual intro-~ 
duction of which the locomotive organs come at lasti 
to be exerted, on the one hand in the minimum, and 
on the other, in the maximum degree ; natural pro- 
gression passing, by the former transition, into 
artificial conveyance ; by the latter, into (equally 
artyfictal) athletic sports. Furnished with this usefull 
preliminary knowledge, we may next proceed (still! 
confining our attention to the skeleton) to analyse’ 
more in detail the complicated actions of progression ; 
and especially those by which its two most important. 
modes, viz., walking and running, are performed; 
and for this purpose we shall constantly avail our- 
selves of the valuable experimental and theoretical 
investigations of W. and E. Weber, to whose work 
(entitled ‘* Mechanik der Menschlichen Gehwerke- 
Zeuge’’) we have already several times referred. 
416. The object, in walking, is to keep the body 
moving, at a rate as nearly as possible wniform, ina 
line as nearly as possible horizontal. In order to 
understand how this object is accomplished, we must 
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consider, first, the series of movements performed 
by the locomotive organs at each step, and the di- 
rection in which the force they exert is applied to 
the trunk ; and, secondly, the external forces which 
act on the body in walking, and concur with the 
muscular force in the production of the observed 
effect. 

417. Each leg is planted on the ground during one 
step, and swings in the air during the next, so that, 
to trace its entire action, we must follow it through 
two consecutive steps. As, however, one leg is in 
the act of Swinging in the air, while the other is 
resting on the ground, the two together exemplify 
the whole series of movements in each single step. 

‘418, The leg that we set forward in taking a step, 
advances at its upper extremity, by turning below on 
the planted foot, first at the ancle joint, and after- 
wards on the ball of the great toe; in which advance 
the trank, resting on its upper end, necessarily par- 
ticipates. During this action there is an instant 
when the direction of the limb (represented by a 
line drawn from the centre of the head of the femur 
to the centre of the surface which, for the time 
being, touches the ground) is exactly vertical ; that 
is to say, when the head of the advancing femur 
arrives directly over the planted foot. During the 
period which precedes this moment, the foot is in 
advance of the bedy, and the direction of the leg is 
from the trunk downward and forward ; during the 
subsequent period, the foot is left behind by the 
trunk in its advance, and the direction of the leg is 
downward and backward, If, throughout these two 
periods of the advance, the knee joint remained in a 
posture of extension, and the length of the limb 
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underwent no change, its upper end would describe 
a curve, rising during the first period, descending: 
during the second. Ina leg of ordinary length, anc 
in walking at a moderate rate, this alternate rise: 
and fall would amount to upwards of two inches— 
through which space therefore the trunk would haye 
to be lifted at every step; to the great waste of: 
muscular force, and the unnecessary fatigue of the 
walker. The means of obviating such an evil,. and 
of rendering the advance of the trunk perfectly; 
horizontal, consist in simply flexing the joints so as 
to shorten the limb, during the first period of its 
advance (or while approaching the vertical position); 
and lengthening it again (by extension of the joints} 
previously flexed) during the second period of its) 
advance (or while passing further and further beyond| 
the vertical). This alternate shortening and length-. 
ening of the limb really takes place; so that the: 
body of a good walker, advancing at a medium rate, 
moves nearly in a horizontal line. The slight rise 
and fall actually observed at each step, depend 
chiefly, I think, on a certain yielding of the planted 
leg at the moment of impact, necessary to give light- 
ness and elasticity to the tread. b 
5 ee ee 
6b The advantage of this yielding, and the amount 
of concussion from which it saves the trank, is illus- 
trated by the vibration which is communicated to 
the floor of a room if one walks across it with an 
inelastic tread. And the comparative. ease which 
we feel in walking on turf, arises, doubtless, ina 
great measure, from the springiness which it imparts 
to the tread, and the proportionably smoother car= 
riage of the trunk. 


419. During the first period, or before arriving at 
the vertical position, the leg offers to the trunk a 
resistance, the direction of which is obliquely up- 
ward and backward; so that, while it opposes the 
fall of the trunk, it also acts, in a certain degree, as 
an obstacle to itsadvance. At the moment of reaching 
the vertical, the leg sustains the whole weight of the 
trunk, and ceases to oppose its horizontal advance. 
In passing the vertical position, and entering on 
its second period, the leg begins to propel. The 
more the leg shortens during the first period the 
more will it lengthen during the second, and the 
more propelling force will it thus be able to exert. 
Again, the more obliquely the leg is stretched back- 
ward from the trunk, while propelling, the more 
effectively will its force be applied in accelerating 
the motion of the body. These two principal con- 
ditions of swift walking, themselves depend (other 
things being equal) on the level at which the body is 
carried. Inordinary walking the body is carried at 
25 millimetres (Weber), or nearly an inch, below its 
level in the erect attitude. It is evident that the 
greater this depression of the trunk becomes, the 
more must the leg be bent while standing vertically 
under it, and the more must the position of the limb 
approach the horizontal when it is stretched back- 
ward at its full length in propulsion. 

420. Such are the movements of the leg which is 
planted in advance. While they are performed, the 
leg which remained behind at the beginning of the 
step, also executes certain movements, which come 
next to be considered. 

421. During the first period, while the advanced 
leg is preparing, by gradual flexion, to propel, the 
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hinder leg remains in contact with the ground) 
Precisely at the moment when the advanced lege 
reaches the vertical, and is able to sustain the whole 
weight of the body, the hinder leg quits the ground.3 
and becomes a passive appendant to the trunk. 
Immediately afterwards, as the advanced leg, having: 
passed the vertical, begins to propel, the hinder legs 
begins to swing forward, turning, like a pendulum, 
at the hip joint, and partaking at the same time ins 
the movement of translation of the body in general. 
Before the advanced leg has completed its second 
period and ceased to propel, the hinder leg has: 
swung far enough forward to be planted in advance + 
forming thus the commencement of a new step,,’ 
during whichit executes, inits turn, the first describedl: 
series of movements. 

422. Propulsion is thus kept up without inter-» 
mission in walking, the hinder leg in each step not}: 
ceasing to urge the body on, till the leg planted for-» 
ward has reached the vertical, and (having com-- 
pleted its retarding period) is ready to take up, in| 
its turn, the propelling action, Hence we learn that 
there is a certain period of each step, in walking, . 
during which the body is in connexion with the ° 
ground by two legs at once; one lengthening and | 
propelling, the other shortening and preparing to » 
propel; the former tending to accelerate the body, . 
the latter offering a resistance which constitutes the : 
principal check to its progress. But though for a} 
part of each step both legs are at once on the ground, , 
there is no period in walking during which they are 
both at once in the air. In running it is just the re- - 
verse ; there is a period in each step, during which 
both legs are at oncein the air; but no period in 
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which they simultaneously touch the ground. This 
constitutes the essential difference between walking 
and running. As we quicken our pace, in walking, 
the period during which both legs touch the ground 
at once, gradually becomes shorter, till at the quick- 
est walking one leg is taken up almost as soon as the 
other is set down. Again, as we slacken our pace, 
in running, the period during which both legs are off 
the ground at once, and the body moves, like a pro- 
jectile, unsupported through the air, gradually 
shortens, till at the slowest running its length is 
scarcely appreciable. Thus walking and running 
gradually approximate in character, as the latter 
becomes slower, and the former more swift. There 
is a pace in which one leg is taken up at the very 
instant the other is set down ; which pace, possessing 
thus neither the period peculiar to walking, nor that 
which is characteristic of running, must be regarded 
as a transitional pace exactly intermediate between 
these two modes of progression. By the least slack- 
ening, this pace passes into walking; one leg being 
taken up a little after the other is set down; so that 
a period of appreciable length, in which both touch 
the ground together, again exists. On the other 
hand, by the least quickening, this pace is converted 
into running—one leg being taken up a little before 
the other is set down ; so that the period in which 
both are simultaneously in the air, re-appears. In 
this pace, which we have already alluded to as the 
storming-pace, (and which, I believe, is called, in 
pedestrian matches, walking toe-and-heel,) the trunk 
is carried in a very inclined position, and considerably 
below its ordinary level; the leg is set down verti- 
cally, in a posture of demi- flexion, so as to be ready 


496 INFLUENCES WHICH AFFECT WALKING. 


to begin to support and propel the trunk directly ii 
touches the ground. And it stretches further back-: 
ward in propulsion, on account of the lower level ov 
the trunk, so as to span over a greater distance thar: 
in walking. It is also lengthened more rapidly, by a: 
quicker and more forcible action of the extensors: 
so that while the space traversed at each step is in-s 
creased, the “ime occupied in the transit is dimi-i 
nished. (It is a curious fact, equally true for walk~ 
ing and running, that the duration of our steps al-! 
ways diminishes as their length increases; so that) 
as we advance faster, we take a greater number off 
steps, as well as traverse a greater distance, in al 
given time.) 

423. The propelling force, at whatever pace wew 
walk, acts on the trunk in a direction more or less) 
obliquely forward and upward. In order to under-» 
stand how a force so applied can produce and main-. 
tain horizontal progression, we must consider ther 
other influences which act on the body in walking,, 
and ascertain the precise manner and degree in) 
which they affect its motion. 

424. Five influences act on the body in walking, 
independently of the force of the propelling limb; 
viz., first, its own previously-acquired momentum, . 
which would keep it moving at a uniform rate in) 
the same direction for ever, without further propul-- 
sion, if there were no retarding or disturbing in-- 
fluences ; 2ndly, the force of gravitation, tending to) 
draw it vertically downward; 3rdly, the resistance : 
of the advanced limb during its first or retarding pe- - 
riod; 4thly, the resistance of the air; and, 5thly, the « 
gliding-friction of the joints, and the rolling-friction \ 
of the sole of the foot against the ground. The re- - 
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- tarding influence of friction is, in all modes of pro- 
gression, comparatively so insignificant, that it need 
not be taken into account. The resistance of the 
air in ordinary walking requires a constant expen- 
diture of force about equal to that of a pound weight, 
moving at the rate of six or seven feet per second; 
which, in reference to the whole amount of resiste 
ance overcome in walking, is also quite inconsider- 
able; and may, therefore, like the friction, be for 
the present disregarded. We have here, therefore, 
only to consider the operation of gravity, of momen- 
tum, and of the returding leg. The gravity of the 
trunk is opposed, during the period in which both 
legs touch the ground, by their conjoint action, the 
Support afforded by the advanced limb being com- 
bined with a retarding influence, that of the hinder 
limb with a propelling action. At the beginning of this 
period of the step, the propelling force exerted is 
rather less than the resistance ; so that the body, at 
the same time that it is supported, is also retarded 
a little. At the instant when the leg reaches the 
vertical position, the body is supported without either 
acceleration or retardation. When the leg passes 
the vertical, the action is entirely changed. The 
hinder leg being now lifted, the body is supported 
entirely on one leg, which stretches obliquely down- 
ward and backward, lengthening meanwhile so as to 
urge the body in the opposite direction. At each 
instant of this period the force of gravity, and the 
previously-acquired momentum of the body, acting 
at right angles to each other (the former downward, 
the latter forward), give the trunk a tendency to 
move, not in the direction of either separate influ- 
ence, but in that of their diagonal resultant; repre- 
K K 
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sented by a line drawn obliquely downward and for- 
ward from the centre of gravity to the ground, at anw 
angle varying with the speed of progression.6 Butt: 
as the body, thus tending at each moment to movew 
obliquely downward and forward, receives also, at: 
each moment, from the propelling leg, an impulses 
obliquely wpward and forward, it will obey both these 
forces conjointly, by moving in the direction of their’ 
diagonal resultant ;: that is to say, horizontally forward. - 
The propelling action, during this period of the step, . 
meets with no other resistance than that of friction, . 
and of the air; and as it greatly exceeds these, it! 
accelerates the motion of the body, till the swinging ¢ 
leg is planted forward; when the retarding operation ) 
begins again, and the whole series of actions just t 
described is repeated. Thus, asthe motion of the» 
body is not perfectly horizontal, so neither is its rate : 
strictly uniform, in walking ; it rises and falls a little, , 
and it also undergoes alternate acceleration and re- - 
tardation, at each step. 

425. Such is the series of movements by which, in | 
walking, the conditions of support, propulsion, and | 
elasticity, are fulfilled. The motions by which the » 
ee eee ee ee es, Cee | 

6 The body would, if really suffered to fall to the : 
ground in walking, describe a parabolic curve in its } 
descent, because gravitation is an accelerating force. . 
But its cendency, before actually beginning to fall, is : 
to move in a tangent to the first point of such a. 
curve; and this ¢endency, with which alone we are » 
here concerned, (as the body in walking never actu- 
ally falls to the ground,) is accurately represented 
by a straight line drawn diagonally in the direction 
mentioned in the text. 
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--equipoise of the body is maintained are easily un- 
derstood. As each foot alternately becomes the 
basis of support, the vertical line of the centre of 
gravity must be made to fall within its area, either 
by a swaying of the trunk to one side; or by a con- 
trary inclination of the foot, in the act of stepping, 
towards the median plane; or by a combination of 
both these movements. Skilful walkers adopt the 
last-mentioned method, in which, while the foot is not 
moved inwards inconveniently on the one hand, the 
lateral motion of the trunk is not awkwardly exten- 
sive on the other. Sailors, in consequence of their 
habit of walking the deck with their legs separated, 
so as to be prepared for the tossing of the ship, learn 
to balance themselves almost entirely by swaying 
the body from side to side—whence their clumsy, 
rolling gait. 

426. The motions of the arms in walking are per- 
fectly regular and uniform ; and their purpose be- 
comes obvious when they are considered in connexion 
with the action of the legs. While the right leg 
swings forward, the right arm is swung backward 
and the left forward. While the left leg swings 
forward, the left arm is swung backward and the 
right forward. The effect of swinging the right leg 
forward would be to cause the trunk to rotate hori- 
zontally on the head of the femur of the supporting 
leg, so that the right side of the body would advance 
beyond the left. By swinging the right arm back- 
ward and the left arm forward, the trunk acquires a 
tendency to rotate on the planted leg in exactly the 
opposite direction. This tendency neutralizes the 
other ; and the result is, that both sides of the trunk 
advance together, when walking is skilfully per- 
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formed, at an equal rate; neither side passing for-» 
ward, at any time, beyond the other. 

427. Since, in walking, one leg is always set down | 
before the other is taken up, the length of cur steps: 
in this mode of progression has a natural fixed | 
limit, determined by the span of the legs. The ob-: 
ject of running, which we may next proceed to con-: 
sider, is to enable us to traverse at each step a space | 
not thus limited by the span of the legs, but depend- . 
ing only, as to its extent, on the degree of propelling | 
force which the limbs are able to exert. This) 
object is attained by giving the body a projectile | 
motion for a certain part of each step; during which | 
period both legs are suspended freely on the trunk, 
and accompany it in its flight through the air. The | 
length of the running-step exceeds that of the walk- | 
ing-step by the horizontal distance through which the | 
body is thus projected during the period in which 
neither leg touches the ground. This distance dif- | 
fers according to the speed with which we run. Our 
steps, in running, are on an average double as long | 
as in walking, and they are also more rapidly exe- 
cuted, in the proportion of 3 to 2; so that, in a 
given time, one may rua about three times as far as 
one can walk. The exertion required to maintain 
this speed is, of course, directly as the resistance to 
be overcome; and this depends more on the air, and 
less on the retarding action of the advanced leg, than 
in walking. At the fastest pace that a good runner 
can keep up for any length of time, the working 
force constantly expended in overcoming the resist- 
ance of the air is equal to about 4lbs., moving at the 
rate of 20 feet per second ; a considerable exertion 
even for a robust man. And as this resistance 
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varies nearly as the cube of the velocity, A it is easy 
to understand why swift running is so laborious; and 
why a small acceleration, when a rapid pace has 
already been attained, adds to our fatigue in a degree 
apparently so disproportionate to the slight increase 
of speed. Hence, quick running is an advantageous 
mode of progression, only when the distance to be 
traversed is small, and the time to be occupied in 
the transit short. When the time and the distance are 
both lengthened, we find our advantage in walking. 

428. Weber has entered into a very elaborate 
calculation of the motion of the swinging leg, in 
walking and running, founded on the hypothesis 
that the leg swings entirely by its own weight, with- 
out assistance from the muscles, and that its motion 
is consequently governed by the general laws of 
oscillating bodies. Ihave not as yet had any oppor- 
tunity of testing this theory experimentally; but I 
am rather disposed to doubt the assertion, that the 
muscles do not contribute in any degree to swing the 


leg forward in natural progression. However, ac- 
i ee 


h The amount of atmospheric resistance depends 
chiefly on the quantity of air displaced ina given time, 
and the rate at which its particles are moved ; which 
quantity, and rate of motion, both increasing directly as 
the velocity of the projectile, would make the resist- 
ance vary asthe square of the velocity. But the resist- 
ance is further increased by the condensation of the 
fluid in front of the moving body, by the partial vacuum 
formed behind it, and by several other circumstances, 
which, added to the former, make the resistance vary 
nearly as the cube of the velocity, according to the 
statement in the text. 
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cording to Weber’s supposition, the leg oscillates in » 
the same time in all paces, from the slowest walking 
to the fastest running; and the duration of a step is 
greater or less, as the swinging of the leg is inter-. 
rupted, by setting foot to ground, when it has tra-- 
versed a greater or less proportion of its are. Thus, . 
in the storming-pace, the limb is planted as soon as | 
it has swung through half its arc, and arrived verti- . 
cally under the trunk:—in walking, as each step | 
occupies more time, so the Swinging leg describes + 
more than half its arc, and passes beyond the verti- - 
cal position before it is planted ;—and this so much | 
the more as the pace is slower, and the duration of | 
each step consequently longer. In the quickest rune | 
ning, each leg must, as in the storming-pace, perform | 
at least half an oscillation (so as to hang vertically 
beneath the trunk) before it can be planted ; but the » 
steps, in running, can nevertheless follow each other | 
more rapidly than in the storming-pace ; because, 
as both legs are suspended in the air at once, during 
part of each step, they swing forward simultaneously 
through a portion of their respective arcs, and, by 
this saving of time, can be planted in quicker suc- 
cession than when they are swinging separately, 
one after the other. 

429. This account of walking and running is so 
far calculated to elucidate, in their more important 
particulars, the four occasional modes of progression, 
that it will not be necessary to dwell on these latter 
at any great length. 

430. In jumping, the body is projected into the air 
by a simultaneous extension of both legs, performed 
with remarkable rapidity and force. In jumping 
forward, backward, or to either Side, the body de- 
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scribes in its flight a parabolic curve; in jumping 
upward, it moves in a right line; in all cases it 
obeys the ordinary laws of projectiles. Thus, for 
example, the period of its fali is nearly equal to that 
of its ascent; and its rate of motion, at each point 
of its descent, is exactly equal to its rate of motion at 
the corresponding point of its ascent. If the act of 
springing forward be preceded by a run, the body 
acquires an impetus, which concurs with the propell- 
ing action of the limbs, and increases the horizontal 
extent of the leap.. In like manner, by swinging the 
arms, at the moment of springing, in the direction in 
which the body is projected, their inertia is made to 
aid, instead of impeding, its flight through the air. 
431. The progression of the body through the water, 
in swimming, depends on the principle that action 
and reaction are equal and contrary. The action, in 
swimming, consists in displacing a considerable quan- 
tity of water, and urging it backward, by certain 
movements of the hands and feet. By the necessary 
reaction of the water on the body, this latter is dis- 
placed and urged forward with a momentum precisely 
equivalent to that of the water moved in the oppo- 
site direction. Some swimmers render the body 
specifically lighter than the water, by keeping the 
chest more than usually full of air, sothat no muscu- 
lar power is required’to keep them from sinking. 
More usually, however, it is necessary to urge the 
water somewhat downward as well as backward, with 
the hands and feet, in order to keep the breathing 
apertures free above the surface of the fluid. Swim- 
ming is not susceptible of so much diversity in point 
of speed as progression on dry land through the air, 
on account of the greater resistance opposed by the 


A re as = 
ilar a te etna 


504 AVERAGE STATURE OF THE SKELETON. 


water to the motion of the body. This resistance 
(varying, like that of air, nearly as the cube of the : 
velocity) soon renders it impossible for the swimmer ° 
to accelerate his motion without au additional amount | 
of exertion, too fatiguing, and too disproportionate to | 
the small advantage gained, to be long or usefully 
continued. In all modes of progression, indeed, | 
whether through water or air, there is a certain ave- | 
rage velocity, adapted to the powers of the body, and 
easily attainable, but which cannot be much sur- 
passed without excessive exertion. This depends on 
the resistance of the medium increasing so much 
more rapidly than the speed of the body which moves 
through it; and it accounts for the fact, that the 
difference in the speed of runners, swimmers, &c., 
is so much less than the difference in their strength 
would at first sight lead us to expect. In reality, to 
outstrip a swift runner, though but by a little, re- 
quires a very considerable superiority of strength. 

432. The stature, weight, and proportions, of the 
skeleton vary much in different individuals and races 
of men, as well as in the opposite sexes, and at dif- 
ferent periods of life. Many of these diversities have 
been noticed incidentally in the preceding chapters. 
Thus, we have had occasion to refer to the remark- 
able weight and density of the bones in the Negro as 
compared to the European skeleton ; to the superior 
dimensions of the female pelvis as contrasted with 
that of the male; to the disproportionate size of the 
head in the child as compared to the adult; and to 
the inferior relative capacity of the anterior segment 
of the cranium in several barbarian tribes, as com- 
pared to more civilized races of men. 

The average stature of the adult male human 
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skeleton (taking into consideration the shorter as 
well as the taller varieties of the species) is five feet 
six inches. This is increased, in the living subject, 
by the muscles and integuments, to about five feet 
seven inches. Variations in height of more than 
nine or ten inches above or below this medium stand- 
ard are anomalous ; that is to say, at four feet nine 
inches a man’s stature may be considered dwarfish, 
while at six feet five inches he becomes a giant. 
Bourgery cites, as extreme instances of dwarfish and 
giant stature, a Congo negro, nine feet high, seen by 
Vanderbroeck ; and a dwarf, aged thirty-seven years, 
sixteen inches high, mentioned by Birch. The ave- 
rage height of the adult European male skeleton (to 
which, in this work, our attention has been principally 
directed) is five feet eight inches, or, with the integu- 
ments, five feet nineinches. In a manof this stature 
the total height of the body is eight times that of the 
head. In all varieties of the species, whether tall or 
short, barbarous or civilized, the height of the female 
is, on an average, inferior by about 1-11th to that 
of the male. Varieties of height usually depend in 
a greater degree on the limbs than on the trunk; for 
which reason it is that tall and short persons, when 
sitting, often appear of nearly equal height. Vitru- 
vius mentions some curious facts with reference to 
the proportions of the human body. Ifthe body be 
laid on a flat surface, with the legs extended, as in 
the erect posture, and the arms stretched out at right 
angles on either side; and if then a parallelogram 
be formed, by drawing two lines parallel to the me- 
dian plane, one on each side, touching the tips of the 
fingers, and meeting these at right angles by two 
transverse lines, one in contact with the crown of the 
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head, the other with the soles of the feet ; this paralle- 
logram, thus exactly including the body, will, ina well- 
proportioned individual, be found to be a perfect 
square. If the arms be now raised till the tips of 
the fingers are in a line with the top of the head, and 
if the legs be separated till they would form, with a 
line joining the feet, an equilateral triangle ; then, 
around the navel as a centre, a circle may be de- 
scribed, which shall touch the tips of the fingers 
above and the soles of the feet below, thus including 
the body exactly within its circumference. Mr, 
Joseph Bonomi, sculptor, in conjunction with myself, 
tried the truth of these rules on two individuals of 
ordinary proportions, and we found them verified 
with surprising accuracy. It is difficult to believe 
that these constant simple relations of the human 
figure to the square, and to the circle, can be acciden- 
tal; on the other hand, we have no grounds for assert- 
ing positively that other proportions would not answer 
the purpose equally well; nor are we aware of any 
particular inconvenience occasioned by small devia- 
tions from the ascertained law. 

433. The analogies of form, number, and connec- 
tion, traceable in the several bones and regions of 
the skeleton, constitute a subject of the highest phi- 
losophical interest, which has given rise of late years 
to keen controversy between naturalists of dis- 
tinguished ability; so that it remains up to the pre- 
sent day an undecided question in physiology. 
According to Carus, and the transcendental anato- 
mists, there are two simple modes of development, 
and two simple primary forms, (the diconic and the 
spherical,) which are repeated throughout the skele- 
ton, and which, with particular modifications (depend- 
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ing on certain laws of antagonism, and polar evolu- 
tion), give rise to all the diversified forms actually 
presented by the bones. These views are opposed 
by Cuvier and his school, who, in accordance with 
the simple theory of the Conditions of existence, seek 
only, in studying the phenomena of organised beings, 
to trace in each instance the relations which subsist 
‘between the form and structure of organs on one 
hand, and their functions on the other, or (as Blain- 
ville has expressed it) between the s¢atic and dynamic 
conditions of life. To discover these relations, and 
this constant mutual inter-dependence, and to reduce 
them by degrees to their simplest and most compre- 
hensive terms, so as to arrive at laws of the utmost 
possible scope and generality, is, according to these 
philosophers, the proper end of physiology ; an end 
not promoted (as they say) by fanciful theories of 
development, or speculations on the analogous geo- 
metric construction and essential similarity of organs 
evidently diverse, as well in point of number and 
connection, as in shape. An article in which these 
theories will be set forth at length, and their respec- 
tive philosophical claims critically considered, is 
preparing for publication in Dr. Todd’s Cyclopedia 
of Anatomy and Physiology, under the title of 
‘© Transcendental Anatomy.” The necessary length 
of such a discussion precludes its admission into this 
work, which has indeed already extended itself far 
beyond the limits originally proposed. We shall 
here, therefore, confine our attention to those more 
obvious analogies between the upper and lower ex- 
tremity, and between the bones of the cranium and 
of the Vertebral column, which are now universally 
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admitted by physiologists ; observing only with refe- - 
rence to the two theories in question, that each | 
appears to possess a philosophical value peculiar to 
itself, and adapted to corresponding necessities of 
the science’; while, on the other hand, their essential | 
principles are in fact less contradictory than they at : 
first sight appear. : 
434. In order to conceive the cranium as a prolon- . 
gation of the spine, and to trace in its bones the - 
essential elements of vertebra, it must be borne in 
mind that each vertebra consists of a body and an 
arch, the former being part of a column of support, 
the latter of a canal or tube for the reception of a 
nervous chord. The relative development of these 
two parts varies in particular vertebra, according as 
the column is required to be stronger, or the cavity 
more capacious. In the sacrum, which serves as a 
foundation for the spine, the supporting column is 
required to be massive and strong; but, as the con- 
tained parts are here at a low point of development, 
the protecting cavity becomes a feature of less 
importance. Here accordingly the bodies of the 
vertebre form a large consolidated mass, while the 
arches are small, and, in the lower sacral vertebra, 
even altogether deficient. In the cranium a con- 
trary development takes place. The contained 
nervous column, swelling out at its upper extremity 
to form the cerebrum and cerebellum, requires, for 
its reception, that the arches of the containing ver- 
tebrze should here be remarkably broad and capa- 
cious ; while, on the other hand, their bodies are 
reduced to mere vestiges, either in accordance with 
the law of antagonism, (as the transcendental philo- 
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sophers would say,) or simply because a column of 
support is here not wanted (as the opposite school 
would affirm). 

435. Bearing these facts in mind, we may trace in 
the cranium three separate zones, each presenting, 
more or less distinctly, the principal elements of a 
vertebra. The first of these cranial vertebre is the 
occipital bone; the second is formed above by the 
parietal bones, below by the greater wings of the 
sphenoid bone, and by the larger portion of its body ; 
the third is composed of the ethmoid and frontal 
bones, together with the lesser wings of the sphenoid, 
and that part of its body by which they are supported. 
The temporal bones are said, by some anatomists, to 
belong to the second or middle cranial ‘vertebra: 
by others they are regarded as parts of a separate, 
imperfect vertebra, possessing rudiments of laminz 
in the wormian bones which intervene frequently 
between the parietal and occipital bones (and which, 
in many instances, attain a considerable size, vide 
par. 56). We shall not, however, in this place 
discuss the doubtful or disputed analogies of the 
anterior and middle zones of the cranium, but shall 
confine our attention to the occipital bone, referring 
the reader to the above-mentioned article on trans- 
cendental anatomy for fuller information. 

436. In the occipital vertebra of the cranium, the 
basilar process represents the body, and the broad 
hinder plate of the bone forms an expanded and 
eapacious arch; while the foramen magnum, included 
between these parts, is evidently analogous to the 
vertebral hole. Again, the occipital condyles are true 
inferior articular processes, and the jugular processes 
may be regarded, I think, as vestiges of the superior 
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articular processes, The transverse processes are rea - 
presented by the rough portions of bone which lie to : 
the outer side of the condyles, and give attachment to | 


the lateral recti muscles ; while the exterior occipital 
crest and tuberosity constitute a rudimentary spinous 
process. 


437. The student, in examining the forms of the : 
bones, must have already been struck with the ana- . 


logies, which assimilate the shoulder to the pelvis, 
the upper arm to the thigh, the forearm to the leg, 
and the three regions of the hand, respectively, to the 
corresponding divisions of the foot. The flat iliac 
portion of the os innominatum corresponds, both in 
form and position, to the ala of the scapula, and its 


internal and external fosse represent the dorsal and — 


ventral depressions of the shoulder-blade. The ace- 
tabulum answers to the glenoid cavity, and the 
ischizm to the coracoid process; while the pubes, 
stretching horizontally inward, is recognised as the 
analogue of the clavicle. The head and neck of the 
humerus answer to those of the femur; and the larger 
and smaller tuberosities of the former bone corre- 
spond to the larger and smaller trochanters of the 
latter. The lower extremity of both bones presents 
a trochlear surface with lateral tubercles for muscu- 
lar and ligamentous insertion; while the patella of 
the knee-joint and the olecranon process of the elbow 
are, in general respects, strikingly analogous. Thus, 
each is developed by a separate point of ossification, 
and presents the structure common to short bones; 
each gives attachment and improved leverage to a 
mass of extensors; and each protects a joint, which 
would otherwise be exposed during flexion. When the 


olecranon remains separate from the ulna, and forms — 
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an independent short bone (as in an instance recorded 
_ by Rosenmiiller), this analogy is rendered complete. 
The analogies between the forearm and the leg are, 
in several respects, more uncertain than those be- 
tween the upper arm and thigh. The leg is, indeed, 
like the forearm, composed of two parallel prisma- 
tic bones, articulated together above and below, and 
having their shafts connected by an interosseous 
membrane. But, with respect to the precise analo- 
gies of these two bones, different opinions are en- 
tertained by anatomists, the tibia being compared by 
some to the ulna, and by others to the radius. At 
its upper extremity the tibia certainly resembles the 
ulna; because it is in a line with the inner side of 
the bone above, and because moreover it possesses, 
in the patella, an appendage analogous to the ole- 
cranon. At its lower extremity, on the contrary, the 
tibia resembles the radius, first, because it contributes 
more than the fibula to the ancle-joint, as the radius 
contributes more than the ulna to the wrist ; secondly, 
and chiefly, because it is in a line with the great toe, 
as the radius is with the thumb. Here, therefore, it 
must be admitted that the analogy of the two limbs 
is somewhat obscure. It is, however, impossible to 
dispute the resemblance between the malleoli of the 
ancle-joint and the styloid processes of the wrist ; be- 
tween the cuboid bones of the tarsus and those of the 
carpus ; between the cylindrical bones of the meta- 
tarsus and those of the metacarpus ; and, finally, be- 
tween the phalanges of the fingers and toes. 

438. If these strong analogies between the upper 
and lower extremities compel us to admit that they 
are formed ina common type, their numerous and 
important differences are, on the other hand, suff. 
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cient to prove that that type has undergone consider. . 
able modifications, to adapt it in each case to parti-. 
cular functions. This is a point on which we have: 
already had occasion to dwell (393) ; and we need! 
here, therefore, only remind the student, (by way of! 
recapitulation,) that the bones of the arm, in which. 
freedom, swiftness, and delicacy of motion, are the: 
principal requisites, present slender shafts, shallow ' 
articulations, and short processes for the attachment! 
of muscles: while, in the leg, which is designed to) 
sustain a heavy pressure, and to perform motions of! 
limited range, and rather forcible than rapid, we find | 
more massive and heavier columns, longer processes | 
of leverage, and, of the joints, some entirely done! 
away with, others but slightly moveable, and the) 
remainder rendered more secure by increase of depth, , 
or expansion of surface. 

439. The structure and growth of bone have been | 
already described (4-5) ; its reparation, when broken, 
takes place by a curious process. The soft tissues} 
adjacent to the fractured extremities, are thickened | 
by infiltration with gelatinous lymph; and, in the) 
course of a fortnight after the fracture, a cartilagi- 
nous capsule, called the provisional callus, is gradue | 
ally formed around the broken part of the bone. This. 
callus begins to ossify after the third week; and in 
five or six weeks’ time is entirely converted into. 
bene. The osseous case thus formed, adheres to. 
the fractured shaft above and below, and holds the 
two pieces together, while the definitive callus is 
forming, by effasion and subsequent organisation of 
lymph, between the broken surfaces. In the course 
of five or six months the definitive callus is perfectly 
formed, and the ossific continuity of the broken 
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shaft is restored. Meanwhile the provisional callus» 
in proportion as it is less required, gradually shrinks; 
so that at the end of eight or nine months, the bone 
is found to have regained its normal size and strength; 
and even its cavity, which was at first obliterated, 
gradually reappears. 


PostscripT.—In concluding this treatise, the author 
would draw the attention of anatomists to the prejue 
dicial tendency of the custom, now prevalent in our 
medical schools, of disconnecting the study of ana- 
tomical ferms from that of physiological actions and 
ases. The lectures, and the elementary treatises, from 
which the student derives his earliest notions of 
anatomical science, are, with few exceptions, devoted 
entirely to the minute description of organs, and 
afford no information as to their functions, or the 
purport of their structure and configuration. Such 
a practice cannot be defended on philosophical 
grounds; nor is it recommended, so far as the author 
can perceive, by any practical convenience of tuition: 
on the contrary, it has a direct tendency to produce 
in the student’s mind a bent towards mere technical 
erudition, as contradistinguished from real scientific 
knowledge and insight. It is true, indeed, as we 
have already had occasion to observe, that organic 
beings are to be contemplated in the static as well as 
in the dynamic point of view ; at rest, as well as in 
action. But these two orders of inquiry, though 
perfectly distinct, are, nevertheless, strictly correla- 

LL 


514 : .POSTSCRIPT. 


tive ; and the very contrast in which they stand, is | 
such as to imply their necessary scientific co-ordi- 
nation. 

It was with the view of exemplifying a sounder 
anatomical method, and of promoting its general 
adoption, that the author has introduced into this 
work (though put forward only as a descriptive 
treatise,) an analysis of the mechanism and uses of 
each organ described, and has even ventured to 
devote about one hundred pages to original obser- 
vations and experiments on the dynamic branch of 
the subject. More space, indeed, would willingly 
have been given to these topics, but for the fear of 
diminishing the practical utility of the work by too 
great an extension of its limits, or too sudden a de- 
Viation from established usage. An important object 
will, however, have been attained, if the book, as it 
stands, should procure a more general assent to the 
opinion, that axatomical description and physiological 
explanation should always go side by side; and that 
the study of facts ought not, in any case, to be disse- 
vered from that of relations and laws. 
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